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A g e n e r a l i z e d  model 
l u n a r  m i s s i o n  t i m e l i n e s  i s  dev 
c i f i c  t o o l s  form the  basis o f  
d i ag ram a ids  i n  s c h e d u l i n g  t r a  
res t  a l t e r n a t i v e s  are i d e n t i f i  
The a l t e r n a t i v e s  are  compared 
The a d v a n t a g e  o f  a p a r t i c u l a r  
duping c r i t i c a l  a c t i v i t i e s  i s  
sys t em.  

f o r  t h e  c o n s t r u c t i o n  and  a n a l y s i s  o f  
. e l o p e d  and d e m o n s t r a t e d .  Four  spe-  
t h e  t e c h n i q u e .  A t r a j e c t o r y  c o n s t r a i n t  
J e c t o r y - r e s t r i c t e d  e v e n t s .  Work/ 
.ed and d i s p l a y e d  i n  a d e c i s i o n  m a t r i x .  
and c o n t r a s t e d  i n  a t i m e  m a t r i x .  
t i m e l i n e  i n  t e r m s  o f  pe r fo rmance  
measured by  a pe r fo rmance  r a t i n g  

The t e c h n i q u e  deals w i t h  t h e  b r o a d  a s p e c t s  o f  work/ 
r e s t  c y c l i n g  and crew performance i n  t h e  o v e r a l l  t i m e l i n e ,  rather 
t h a n  t h e  d e t a i l e d  p r o c e d u r e s  employed i n  s p e c i f i c  a c t i v i t i e s .  
F o r  t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n ,  f o u r  p r ime  t i m e l i n e s ,  e a c h  
a p p r o x i m a t i n g  a nominal  16/8 w o r k / r e s t  c y c l e ,  are d e v e l o p e d .  
Fo r  e a c h  p r ime  t i m e l i n e  a s e t  o f  r e a l  t i m e  a l t e r n a t e  t i m e l i n e s  
i s  d e v e l o p e d ,  r e f l e c t i n g  crew d e c i s i o n s  n o t  t o  s l e e p  a t  t h e  
p r e s c r i b e d  t i m e .  
t e r n a t e s  c o n s i d e r s  r e a l  t ime f l e x i b i l i t y ,  p r o b a b l e  pe r fo rmance  
l e v e l s  d u r i n g  c r i t i c a l  a c t i v i t i e s ,  t i m e  i n  l u n a r  o r b i t ,  and t i m e  
on t h e  l u n a r  s u r f a c e  as pr imary  p a r a m e t e r s .  

E v a l u a t i o n  o f  t h e  t i m e l i n e s  and real t i m e  al-  

It i s  conc luded  t h a t  s p l i t  LM a c t i v a t i o n  and  checkou t  
p e r m i t s  s l e e p  on t h e  l u n a r  s u r f a c e  a f t e r  EVA, and t h a t  t h i s  op- 
t i o n  p r o v i d e s  maximum r e a l  t i m e  f l e x i b i l i t y  and t h e  b e s t  proba-  
b i l i t y  o f  h i g h  crew per formance  d u r i n g  l a n d i n g  and  d o c k i n g .  Th 
t i m e l i n e  c o n f i g u r a t i o n  a l s o  r e d u c e s  t i m e  i n  l u n a r  o r b i t  o v e r  a 
s i n g l e  LM a c t i v a t i o n  and checkout  p e r i o d  w i t h  s l e e p  b e f o r e  EVA. 
F u r t h e r  r e d u c t i o n s  i n  l u n a r  o r b i t  t i m e ,  and  t h u s  m i s s i o n  t i m e ,  
are o b t a i n e d  by  p e r f o r m i n g  a p o r t i o r !  o f  LM a c t i v a t i o n  and check  
p r i o r  t o  l u n a r  o r b i t  i n s e r t i o n ,  and  even  g r e a t e r  s a v i n g s  by  
e l i m i n a t i o n  of t h e  second i n s e r t i o n  b u r n .  
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TE C H MI C AL !{EM 0 R A i J DUM 

1 . 0  I!iTriODUCTIOiI 

A s  h a s  b e e n  demons t r a t ed  i n  t h e  A p o l l o  8 m i s s i o n ,  t h e  
p r o v j s i o n  o f  a d e q u a t e  o n n o r t u n i t y  t o  r e s t  i n  a n  o p e r a t i o n a l  
t i m e l i n e  can  be c r i t i c a l  t o  m i s s i o n  s u c c e s s .  An a t t e m p t  i s  
made h e r e ,  t h e r e f o r e ,  t o  examine some o f  t h e  w o r k l r e s t  time- 
l i n e  c o n f i g u r a t i o n s  i n  t h e  l u n a r  e n v i r o n s  p o s s i b l e  w i t h i n  t h e  
Kenera1  m i s s i o n  c o n s t r a i n t s ,  S p e c i f i c  a n n l i c a t i o n  o f  t h e  gen- 
e r a l  t e c h n i q u e s  deve loped  i s  made t o  t h e  f i r s t  l u n a r  l a n d i n g  
(Gl) m i s s i o n .  

S e c t i o n  6 d raws  some c o n c l u s i o n s  from t h e  a n a l y s i s  
d e s c r i b e d  be low.  B a s i c  c o n s t r a i n t s  , p r i m a r i l y  s e q u e n c e  and 
t r a j e c t o r y  o r i e n t e d ,  as d i s c u s s e d  i n  s e c t i o n  2 ,  p r o v i d e  t h e  
s t r u c t u r e  f o r  t i m e l i n e  deve lopment .  A t r a j e c t o r y  c o n s t r a i n t  
diagram i s  d e v e l o p e d  t o  a i d  i n  t h e  s c h e d u l i n g  o f  t r a j e c t o r y -  
r e s t r i c t e d  e v e n t s .  A s s o c i a t e d  w i t h  e a c h  e v e n t  or a c t i v i t y  
i s  a b l o c k  o f  time t o  encompass t h e  o p e r a t i o n s  t o  b e  pe r fo rmed .  
These b a s i c  b u i l d i n g  h l o r k s  o f  t h e  timeline are r l i ~ r i i r ~ p d  i n  
d e t a i l  i n  s e c t i o n  3 .  Emphasis i s  p l a c e d  upon t h e  r e l a t i o n -  
s h i p  o f  t h e  b l o c k s  t o  t h e  o v e r a l l  t i m e l i n e  and  r e s u l t i n g  work/ 
r e s t  c y c l e s ,  r a t h e r  t h a n  unon t h e  d e t a i l e d  p r o c e d u r e s  employed 
w i t h i n  each  b l o c k .  C o n s t r u c t i o n  o f  p o s s i b l e  t i m e l i n e s  and 
variou:; w o r k / r e s t  c o n f i g u r a t i o n s  i n v o l v e s  t h e  m a n i p u l a t i o n  of 
t h e s e  t i m e  b l o c k s .  The p o s s i b l e  w o r k / r e s t  c h o i c e s  a v a i l a b l e  
w i t h i n  t h e  c o n s t r a i n t s  are i s o l a t e d  and  d i s p l a y e d  i n  a de- 
c i s i o n  m a t r i x .  The r e s u l t i n g  t i m e l i n e s  shown i n  t h e  append ix  
a re  d i s c u s s e d  i n  s e c t i o n  4. R t ime m a t r i x  i s  u s e d  i n  s e c t i o n  5 
as a framework for comparisons and  t r a d e o f f s  be tween  t h e  v a r i o u s  
t i m e l i n e s  deve loped .  A per formance  r a t i n g  scheme i s  a l s o  de- 
v e l o p e d  i n  a n  a t t e m p t  t o  measure t h e  o v e r a l l  crew pe r fo rmance  
l e v e l  d u r i n g  c r i t i c a l  a c t i v i t i e s  t h a t  c a n  b e  e x p e c t e d  i n  a 
p a r t i c u l a r  w o r k / r e s t  c o n f i g u r a t i o n .  

I t  i s  assumed t h a t  a n  i d e a l  work p e r i o d  o f  16 h o u r s  
aiiu r e s t  p e r i o d  o f  8 i ~ o u ~ s  would comprise a riorriinal d a y ,  and 
t h e  f o u r  pr ime t i m e l i n e s  A ,  B y  C y  and  D p r e s e n t e d  a p p r o x i m a t e  
t h i s  w o r k / r e s t  c y c l e .  I t  i s  r e c o g n i z e d ,  however ,  t h a t  r e a l  
t i m e  v a r i a t i o n s  i n  p l a n n e d  t i m e l i n e s  a l m o s t  i n e v i t a b l y  o c c u r .  
Accord ing ly  t h e  p r o p o s e d  t i m e l i n e s  i n c l u d e  s u f f i c i e n t  i n h e r e n t  
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s l a c k  to accomodate  many o f  t h e s e  c h a n g e s .  R e a l  t i m e  d e c i s i o n s  
n o t  to s l e e p  d u r i n g  t h e  p r e s c r i b e d  p e r i o d s  r e s u l t  i n  a l t e r n a t e  
t i m e l i n e s  w i t h  more s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  p l a n n e d  work/ 
r e s t  c y c l e .  These  changes a r e  r e f l e c t e d  i n  a s e t  o f  r e a l  t i m e  
a l t e r n a t e  t i m e l i n e s  a s s o c i a t e d  w i t h  e a c h  p r ime  t i m e l i n e .  R 
r e a l  t ime a l t e r n a t e  i s  i d e n t i f i e d  by t h e  nominal  t i m e l i n e  l e t t e r  
d e s i g n a t i o n  f o l l o w e d  by a number which i n d i c a t e s  t h e  number o f  
d e c i s i o n s  made t o  d e f e r  s leep  from t h e  s c h e d u l e d  t i m e s .  Thus 
r e a l  t i m e  a l t e r n a t e  B1 r e f l e c t s  t h e  r e s u l t  o f  a s i n g l e  d e c i s i o n  
n o t  t o  s l e e p  a t  a p r e s c r i b e d  p o i n t  i n  p r i m e  t i m e l i n e  B .  S i m i -  
l a r l y  B 2  i n d i c a t e s  a double  n o - s l e e p  d e c i s i o n  i n  t i m e l i n e  B .  
Each p r i m e  t i m e l i n e  and i t s  a s s o c i a t e d  r e a l  t i m e  a l t e r n a t e s  
form a f a m i l y  which r e p r e s e n t  a p l a n n e d  t i m e l i n e  and  t h e  r e s u l t s  
o f  r e a l  t i m e  d e c i s i o n s  t o  d e v i a t e  f rom t h a t  p l a n .  T a b l e s  1 
a n d  3 ,  d i s c u s s e d  i n  d e t a i l  i n  s e c t i o n s  4 . 0  and  6 . 0 ,  summarize 
t h e  t i m e l i n e  fami l ies  deve loped .  The e f f e c t s  o f  s l i p p a g e  from 
p l a n n e d  t o  r e a l  t i m e  a l t e r n a t e  t i m e l i n e s  a r e  c o n s i d e r e d  i n  t h e  
a n a l y s i s  of  t h e  b e n e f i t s  o f  s p e c i f i c  t i m e l i n e  c o n f i g u r a t i o n s .  

Awake t i m e  ( t h e  number o f  h o u r s  s i n c e  t h e  l a s t  s l e e p )  
i s  used  i n  t h i s  a n a l y s i s  as  a rough i n d i c a t o r  o f  crew p e r f o r -  
mance l e v e l .  An i m p l i c i t  a s s u m p t i o n  o f  t h e  a n a l y s i s  i s  t h a t  
o v e r  l o n g  p e r i o d s  o f  t i m e  ( i . e .  more t h a n  2 or 3 h o u r s )  a v e r a g e  
work l o a d s  a r e  a p p r o x i m a t e l y  t h e  same. I t  i s  acknowledged t h a t  
s p e c i f i c  a c t i v i t i e s  may r e q u i r e  g r e a t e r  e f f o r t  f o r  s h o r t  p e r i o d s  
of  t i m e ,  b u t  t h e s e  a r e  assumed t o  a v e r a g e  o u t  o v e r  t h e  l o n g  
r u n .  I n  t h i s  manner p r o b a b l e  l e v e l s  o f  pe r fo rmance  a r e  d e t e r -  
mined for s p e c i f i c  t i m e l i n e s  and  t h e  v a r i o u s  t i m e l i n e s  c a n  b e  
compared. 

The  q u e s t i o n  of s i m u l t a n e o u s  o r  s e q u e n t i a l  s l e e p  i s  
n o t  d i r e c t l y  a d d r e s s e d .  Dur ing  t h e  l u n a r  p h a s e  o f  t h e  m i s s i o n ,  
however ,  s i m u l t a n e o u s  s l e e p  would a p p e a r  t o  p r o v i d e  some advan- 
t ages .  C e r t a i n l y  t h e  two men on t h e  l u n a r  s u r f a c e  must  s l e e p  
s i m u l t a n e o u s l y  ( i f  t h e y  a r e  t o  s l e e p  a t  a l l )  i n  o r d e r  t o  s t a y  
w i t h i n  hardware and t i m e l i n e  c o n s t r a i n t s ,  n o t  t o  m e n t i o n  e f f i -  
c i e n c y  a s p e c t s .  S i n c e  t h e  r e m a i n i n g  man i n  l u n a r  o r b i t  c a n n o t  
a f f e c t  LM s y s t e m s ,  n o r  can  CSPI s y s t e m s  b e  a f f e c t e d  b y  t h e  s u r -  
f a c e  c rew,  s c h e d u l i n g  a l l  t h r e e  t o  s l e e p  s i m u l t a n e o u s l y  does  
n o t  r e d u c e  s y s t e m  s a f e t y .  If t h e  M i s s i o n  C o n t r o l  C e n t e r  i s  
t o  b e  r e l i e d  upon t o  m o n i t o r  CSM s y s t e m s  w h i l e  t h e  CMP i s  or- 
b i t i n g  a l o n e  (acknowledging  a 75 m i n u t e  rnoni tored /45  minu te  
unmoni tored  c y c l e )  s imi l a r  s u p p o r t  c o u l d  b e  e x p e c t e d  when 
a n d  i f  a l l  t h r e e  crew m e m b e r s  s l e e p  s i m u l t a n e o u s l y  i n  o r h i t .  
Of  c o u r s e ,  i f  such  m o n i t o r i n g  i s  a c c e p t a b l e  i n  t h e  l u n a r  o r b i t  
p h a s e ,  s i m u l t a n e o u s  s l e e p  w i t h  f u l l  time g round  s u p p o r t  d u r i n g  
c o a s t  p h a s e s  s h o u l d  prove r e a s o n a b l e .  T h e  t i m e l i n e s  p r e s e n t e d  
h e r e  f o l l o w  t h e  CDR and  LMP t o  t h e  l u n a r  s u r f a c e ,  and  do  n o t  
c o n s i d e r  s e p a r a t e  CMP a c t i v i t i e s  i n  o r b i t .  
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It i s  a l s o  assumed t h a t  t h e  w o r k / r e s t  c y c l e  p r i o r  
t o  t h e  l u n a r  o r b i t  p h a s e  i s  a d j u s t e d  t o  a l l o w  a p p r o p r i a t e  
t r a n s i t i o n  t o  t h e  p l anned  t i m e l i n e  i n  l u n a r  o r b i t .  A s imi l a r  
a s s u m p t i o n  i s  made f o r  t r a n s  e a r t h  c o a s t  ( T E C ) ,  and n e i t h e r  
c o a s t  p h a s e  i s  d e a l t  w i t h  e x p l i c i t l y  i n  t h i s  d i s c u s s i o n .  

2 .0  CONSTRAINTS 

The f o u r  d i s c r e t e  e v e n t s  shown i n  F i g u r e  1, l u n a r  
o r b i t  i n s e r t i o n  ( L O I ) ,  touchdown ( T D ) ,  l i f t - o f f  ( L O ) ,  and t r a n s  
ear th  i n j e c t i o n  ( T E I ) ,  d e f i n e  t h e  t h r e e  b a s i c  p h a s e s  o f  l u n a r  
e n v i r o n s  o p e r a t i o n s .  Although t h e  t i m e  between t h e s e  e v e n t s  
may v a r y ,  t h e y  must o c c u r  i n  t h e  o r d e r  i n d i c a t e d ,  and  t h e r e b y  
t h e y  d e f i n e  t h e  sequence  o f  a c t i v i t i e s .  Tha t  i s ,  l u n a r  s u r -  
f a c e  EVA c a n n o t  p r e c e d e  TD, n o r  c a n  d e s c e n t  p r e c e d e  L O I .  

Each o f  these e v e n t s  i s  t r a j e c t o r y  c o n s t r a i n e d ,  
and  may o n l y  o c c u r  a t  one s p e c i f i c  p o i n t  i n  e v e r y  r e v o l u -  
t i o n .  LO1 and T E I  are  c o n s t r a i n e d  by  t h e  r e l a t i o n s h i p  b e t w e e n  
t h e  l u n a r  o r b i t  and  t h e  p o s i t i o n  o f  t h e  e a r t h ,  and TD and  LO 
are c o n s t r a i n e d  by  t h e  r e l a t i o n s h i p  between t h e  l u n a r  o r b i t  
and  t h e  s p e c i f i c  l u n a r  l a n d i n g  s i t e .  

A 6 0  nm, two h o u r  l u n a r  o r b i t  i m p l i e s  a 3 O  p e r  
m i n u t e  r a t e  o f  r e v o l u t i o n .  It a l s o  means t h a t  t h e  o r b i t i n g  
v e h i c l e  passes o v e r  t h e  same s p o t  on t h e  l u n a r  s u r f a c e  a t  
t h e  same t i m e  i n  i t s  two hour  c y c l e  f o r  e v e r y  r e v o l u t i o n .  
Specifically, there  i s  a =fie te cne r e l z t i c n s h i p  betxeer ,  
e l a p s e d  t i m e  p e r  PeVOlUtiOn and l o c a t i o n  o v e r  t h e  l u n a r  s u r f a c e .  

Such a n  a n a l o g y  assumes  a p e r f e c t  1 2 0  min .  o r b i t  
and  no l u n a r  r o t a t i o n  or a 1 2 0 . 3  min .  o r b i t  w i t h  l u n a r  r o t a -  
t i o n .  Fo r  working  p u r p o s e s ,  and f o r  t h e  r e l a t i v e l y  s h o r t  
l u n a r  s t a y s  c o n t e m p l a t e d ,  however ,  even  t h e  p r o j e c t e d  119 
min. o r b i t  and 0.5"  p e r  hour  l u n a r  r o t a t i o n  p roduce  e r r o r s  
w e l l  w i t h i n  t h e  t o l e r a n c e  o f  b road  w o r k / r e s t  t i m e l i n e  p l a n -  
n i n g .  The g r a n u l a r i t y  used i n  t h i s  a n a l y s i s  i s  on t h e  o r d e r  
o f  1 5  m i n u t e s  f o r  t h e  s c h e d u l i n g  o f  e v e n t s  ( e . g . ,  T E I ) .  
However, t h e  s l a c k  i n h e r e n t  i n  t h e  a c t i v i t y  a l l o c a t i o n s  a l -  
lows f o r  t h e  p r e c i s e  s c h e d u l i n g  o f  t r a j e c t o r y  c o n s t r a i n e d  
e v e n t s  when r e q u i r e d .  

Given t h e  a s s u m p t i o n s  s t a t e d ,  i t  i s  p o s s i b l e ,  as 
shown i n  F i g u r e  2 ,  t o  r e l a t e  f i x e d  e v e n t s  t o  s p e c i f i c  times 
i n  t h e  r e v o l u t i o n  and  s p e c i f i c  p o i n t s  o v e r  t h e  i u n a r  s u r f a c e .  
I n  t h i s  f i g u r e ,  and  i n  t h e  work p r e s e n t e d  here ,  TD i s  t a k e n  
t o  be t i m e  z e r o .  A l l  e v e n t s  p r e c e d i n g  TD a re  a t  n e g a t i v e  
t i m e s ,  and  a l l  e v e n t s  f o l l o w i n g  TD a re  a t  p o s i t i v e  t imes.  
R o t a t i n g  c o u n t e r c l o c k w i s e  i n  F i g u r e  2 g i v e s  n e g a t i v e  times 
p r e c e d i n g  TD, and  c l o c k w i s e  r o t a t i o n  g i v e s  p o s i t i v e  times 
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f o l l o w i n g  TD. Thus t h e  l e f t  h a l f  o f  t h e  d i ag ram c o r r e s p o n d s  
to even-numbered n e g a t i v e  h o u r s  and  odd-numbered p o s i t i v e  h o u r s .  
The r i g h t  h a l f  of t h e  diagram c o r r e s p o n d s  t o  even-numbered 
p o s i t i v e  h o u r s  and  odd-numbered n e g a t i v e  h o u r s .  

For example,  t h e  f i g u r e  shows t h a t  LO1 must o c c u r  
a t  t h e  45  minut-e p o i n t  (to t h e  c l o s e s t  1 5  m i n u t e s )  i n  an  even-  
numbered n e g a t i v e  h o u r ,  such as - 2 0 : 4 5  or -24 :45 .  T E I  o c c u r s  
o v e r  a p p r o x i m a t e l y  t h e  same p o i n t  on t h e  l u n a r  s u r f a c e  b u t  a t  
t h e  1 5  m i n u t e  p o i n t  i n  a n  odd-numbered p o s i t i v e  h o u r ,  s u c h  as 
+ 2 9 : 1 5  or +31:15 .  The e v e n t s  shown on t h e  i n n e r  c i r c l e  a re  
t h o s e  d e f i n e d  by t h e  moon and  l u n a r  o r b i t  geomet ry .  Those 
on t h e  o u t e r  c i r c l e  are d e f i n e d  b y  t h e  e a r t h  and  l u n a r  o r b i t  
geometry .  A s  drawn,  t h e  d i ag ram assumes a l a n d i n g  a t  t h e  
I I P - 2  ( p r i m e  t a r g e t  f o r  G1) s i t e .  A s  l a n d i n g  s i t e s  change ,  
however ,  t h e  o u t e r  c i r c l e  may b e  r o t a t e d  to p r o v i d e  t h e  co r -  
r e c t  r e l a t i o n s h i p .  It s h o u l d  b e  n o t e d  t h a t  t h e  l o c a t i o n  o f  
t h e  t e r m i n a t o r  i s  d e f i n e d ,  r ega rd le s s  of l a n d i n g  s i t e ,  b y  
l i g h t i n y ;  c o n s t r a i n t s  ( i . e . ,  i t  i s  on t h e  i n n e r  c i r c l e ) .  Both 
communicat ions and  l i g h t / d a r k  c y c l e s  are  a l s o  a v a i l a b l e  f rom 
t h i s  f i g u r e .  

A s s o c i a t e d  w i t h  e a c h  f i x e d  e v e n t  i s  a s p e c i f i c  b l o c k  
o f  t i m e .  Thus d e s c e n t  m u s t  immedia t e ly  p r e c e d e  TD, a n d  p o s t -  
l a n d i n g  checkou t  must  immedia t e ly  f o l l o w  TD. The b l o c k  o f  t i m e  
b e g i n n i n g  w i t h  t h e  i n i t i a t i o n  o f  d e s c e n t  ( a t  undock)  and  t e r -  
m i n a t i n g  w i t h  t h e  comple t ion  o f  p o s t l a n d i n g  c h e c k o u t  i s  a s i n g l e  
u n i t  which b r a c k e t s  TT) a n d  must, appear j  i-i.nhrok~n, i n  t h e  t i m e -  
l i n e .  The l e n g t h  o f  t h i s  b l o c k  i s  a f u n c t i o n  o f  t r a j e c t o r y  
c o n s t r a i n t s  and p r o c e d u r e s ,  as d i s c u s s e d  i n  s e c t i o n  3 . 3 ,  b u t  
i t s  e x i s t e n c e  as a u n i t  i s  i n v a r i a n t .  S i m i l a r  b l o c k s  o f  t i m e  
e x i s t  i n  a s s o c i a t i o n  w i t h  L O I ,  LO, a n d  T E I .  

Two a d d i t i o n a l  l a r g e  b l o c k s  o f  t i m e  a re  "EVA" and 
"LM a c t i v a t i o n  and  c h e c k o u t .  EVA i n c l u d e s  p r e p a r a t i o n  and  
p o s t  EVA o p e r a t i o n s  and  m u s t  o c c u r  be tween  TD and  LO i n  a 
s i n g l e  b l o c k .  LM a c t i v a t i o n  a n d  c h e c k o u t  d i f f e r s  i n  t ha t  i t  
may b e  b r o k e n  i n t o  more t h a n  o n e  b l o c k  o f  t i m e .  It  m u s t ,  
however ,  p r e c e d e  d e s c e n t  and  TD. 

S i x  a c t i v i t i e s ,  e a c h  r e p r e s e n t i n g  a r e l a t i v e l y  l a r g e  
t i m e  b l o c k ,  have  b e e n  i d e n t i f i e d  f o r  i n c l u s i o n  i n  t h e  work 
p o r t i o n  o f  t h e  w o r k / r e s t  c y c l e .  With t h e  p o s s i b l e  e x c e p t i o n  
o f  p o r t i o n s  o f  t h e  LM a c t i v a t i o n  a n d  c h e c k o u t ,  t h e i r  o r d e r  i s  

r e s t  c y c l e  may o n l y  b e  i n s e r t e d  be tween  t h e s e  b l o c k s .  Thus 
t h e  o r d e r  o f  a c t i v i t i e s  and s p e c i f i c  p o i n t s  f o r  t h e  i n s e r t i o n  
o f  rest p e r i o d s  have  b e e n  d e f i n e d ,  a n d ,  t o g e t h e r  w i t h  t h e  t r a -  
j e c t o r y  c o n s t r a i n t s  summarized i n  F i g u r e  2 ,  t i m e l i n e  c o n s t r u c -  
t i o n  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d .  

slncu, c,' . - - A  as shown i n  F iguye  3 ,  and t h e  r e s t  p o r t i o n  of' tile work/ 
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3 . 0  TIME BLOCKS 

Some comments r e g a r d i n g  t h e  s t r u c t u r e  and  d u r a t i o n  
of  t hese  a c t i v i t i e s  a r e  i n  o r d e r .  A s  has  b e e n  s t a t e d  above 
t h e  l e n g t h  o f  t h e  i n d i v i d u a l  t i m e  b l o c k s  i s  a f u n c t i o n  o f  
p r o c e d u r e s  and  t r a j e c t o r y  c o n s t r a i n t s .  S i n c e  t h e  f i r m n e s s  
of d e f i n i t i o n  o f  t hese  v a r i a b l e s  d i f f e r s  f o r  e a c h  a c t i v i t y ,  
t h e  l e v e l  o f  c o n f i d e n c e  w i t h  which a d u r a t i o n  i s  s p e c i f i e d  
f o r  v a r i o u s  a c t i v i t i e s  a l s o  d i f f e r s .  The f o l l o w i n g  d i s c u s s i o n  
d e s c r i b e s  e a c h  a c t i v i t y  b r i e f l y  and  i n d i c a t e s  t h e  f l e x i b i l i t y  
a s s o c i a t e d  w i t h  t h e  l e n g t h  o f  t i m e  a s s i g n e d  t o  i t  and  u s e d  i n  
t h i s  a n a l y s i s ,  

3 . 1  Lunar  O r b i t  I n s e r t i o n  ( L O I )  Block:  

T h i s  maneuver c o n s i s t s ,  a c t u a l l y ,  of  two b u r n s ,  e a c h  
o c c u r i n g  a t  t h e  same p o i n t ,  ( s e e  F i g u r e  2 )  . two r e v o l u t i o n s  a p a r t .  
LOIl p e r f o r m s  t h e  i n s e r t i o n  f rom t r a n s  l u n a r  c o a s t  ( T L C )  t o  
l u n a r  o r b i t ,  p l a c i n g  t h e  v e h i c l e  i n  a n  e l l i p t i c a l  60x170 nm 
o r b i t .  The s e c o n d ,  or " t r i m "  b u r n ,  c i r c u l a r i z e s  t h e  o r b i t .  
Thus t h e  t i m e  b l o c k  a s s o c i a t e d  w i t h  LO1 i s  t h e  f o u r  h o u r s  sepa- 
r a t i n g  L O I l  and  Lor2, p l u s  a small  amount o f  t i m e  r e q u i r e d  f o r  
t h e  i n i t i a l  o r b i t a l  i n s e r t i o n .  

A c e r t a i n  amount o f  t h e  t i m e  be tween  t h e  two b u r n s  
i s  u s e d  i n  G & N  s i g h t i n g s  and p r e c i s e  o r b i t a l  d e t e r m i n a t i o n s  
i n  o r d e r  t o  d e f i n e  p a r a m e t e r s  f o r  t h e  secor?c? bur" .  Scme ef 
t h i s  t i m e  may a l s o  b e  u s e d  f o r  l u n a r  f a m i l i a r i z a t i o n ,  photo-  
g r a p h y ,  e a t i n g ,  and  g e n e r a l  h o u s e k e e p i n g .  The e f f i c i e n c y  o f  
i n c l u d i n g  o t h e r  a c t i v i t i e s ,  s u c h  as LM a c t i v a t i o n  and  check-  
o u t ,  i n  t h i s  t i m e  p e r i o d  i s  r e l a t i v e l y  low,  s i n c e  p r e p a r a t i o n  
a n d  r e s t o r a t i o n  t i m e  a s s o c i a t e d  w i t h  s u c h  tasks  r e p r e s e n t s  a 
l a rge  f r a c t i o n  o f  t h e  t o t a l  time a v a i l a b l e  i n  t h i s  t i m e  b l o c k .  
I t  i s ,  however ,  c o n c e i v a b l e  t h a t  s u c h  a c t i v i t i e s  c o u l d  b e  c a r r i e d  
o u t  i n  a n  e f f i c i e n t  manner be tween  L O I l  a n d  LO12,  a n d ,  i n  f a c t ,  
t h e  s l a c k  i n h e r e n t  i n  t h i s  b l o c k  a c t s  as a backup mode i n  some 
o f  t h e  s p e c i f i c  t i m e l i n e s  p r e s e n t e d  be low.  The two b u r n  LO1 
b l o c k  i s  d e p i c t e d  i n  F i g u r e  4 .  

Much o f  t h i s  t ime  may b e  s a v e d  by p e r f o r m i n g  o n l y  
a s i n g l e  LO1 b u r n .  The pr imary  r a t i o n a l e  f o r  a two-burn LO1 
i s  t h a t  a " t r i m "  b u r n  w i l l  p r o b a b l y  b e  needed  anyway, and  
t h a t  d e l e t i n g  a b u r n  f rom t h e  t i m e l i n e  i s  much e a s i e r  t h a n  
a d d i n g  one .  I n  a d d i t i o n ,  u n c e r t a i n t i e s  as t o  t h e  shape  and  
s t r e n g t h  o f  t h e  l u n a r  g r a v i t a t i o n a l  f i e l d  i n f l u e n c e  a d e c i s i o n  
t o  u s e  t h e  f i r s t  two r e v o l u t i o n s  t o  r e f i n e  o r b i t a l  data and  
a l l o w  a more a c c u r a t e  c i r c u l a r i z a t i o n  w i t h  t h e  s e c o n d  b u r n .  
A s  w i l l  b e  d i s c u s s e d  l a t e r ,  t h e  a d v a n t a g e  o f  a s i n g l e  b u r n  
i s  t h a t  t h e  m i s s i o n  may be s h o r t e n e d  by as much as 1 2  h o u r s ,  
a l l e v i a t i n g  c o n c e r n s  o v e r  t i m e - c r i t i c a l  f a c t o r s  s u c h  as s u p e r -  
c r i t i c a l  h e l i u m  p r e s s u r e  r i s e .  I m p l i c i t  i n  t h e  u s e  o f  a s i n g l e  
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b u r n  i s  t h e  a s sumpt ion  t h a t  c u r r e n t  knowledge and equipment  
s o p h i s t i c a t i o n  w i l l  p rov ide  a s u f f i c i e n t l y  a c c u r a t e  l u n a r  or- 
b i t  w i t h o u t  a " t r i m "  b u r n .  

Most o f  t h e  t i m e l i n e s  p r e s e n t e d  h e r e  u s e  two LO1 
b u r n s .  However, any one  of them i s  d i r e c t l y  a p p l i c a b l e  t o  a 
s i n g l e  b u r n  c a s e  by e l i m i n a t i n g  4 h o u r s  between t h e  b u r n s ,  and 
p o s s i b l y  r e s c h e d u l i n g  a n  e a t  p e r i o d .  One s e t  o f  t i m e l i n e s  i s  
s p e c i f i c a l l y  deve loped  t o  t ake  maximum advan tage  of  a p l a n n e d  
s i n g l e  b u r n ,  and t h e  a s s o c i a t e d  b e n e f i t s  a re  n o t e d .  

3 . 2  LM A c t i v a t i o n  and Checkout Block:  

T h i s  time b l o c k  i s  p e r h a p s  t h e  most f l e x i b l e  and 
c u r r e n t l y  l e a s t  d e f i n e d .  The s p e c i f i c  i tems which must b e  
checked ,  t h e  m o n i t o r i n g  which must accompany such  c h e c k s ,  t h e  
t i m e  r e q u i r e d  t o  pe r fo rm t h e s e  a c t i v i t i e s ,  t h e  consumables  
r e q u i r e d ,  and t h e  s c h e d u l i n g  are  a l l  mat ters  o f  s t u d y  a t  t h i s  
t ime ,  f o r  which no c l e a r  s e t  of optimum s o l u t i o n s  i s  c u r r e n t l y  
a p p a r e n t .  About a l l  t h a t  can  b e  a g r e e d  upon i s  t h a t  t h e  LM 
must b e  a c t i v a t e d  and checked o u t  t o  some e x t e n t ,  and t h a t  
t h i s  p r o c e s s  must p recede  d e s c e n t .  A t  l e a s t  a p o r t i o n  of  t h i s  
a c t i v i t y  must immedia te ly  p r e c e d e  d e s c e n t ,  b u t  whe the r  t h e  remain-  
d e r  may b e  accompl ished  a t  some s e p a r a t e ,  e a r l i e r  t i m e ,  p e r h a p s  
even  b e f o r e  L O I ,  remains  a mat ter  o f  deba te .  

a n d  p u t  i n t o  o p e r a t i o n  at some t i m e ,  and  t h a t ,  a t  t h e  minimum, 
G&N, ECS,  EPS, and communications must b e  checked  o u t .  I n  
a d d i t i o n  some p a r a m e t e r s  t o  a s s u r e  o p e r a t i o n  of  t h e  RCS, DPS, 
and  APS s h o u l d  b e  obse rved .  Whether such  sys t ems  checkou t s  
s h o u l d  b e  mon i to red  by MSFN i s  a l s o  a mat ter  of  deba te .  If 
s u c h  a c o n s t r a i n t  i s  a c c e p t e d ,  o n l y  1 1/4 h o u r s  o f  e a c h  r e v o l u -  
t i o n  are  a v a i l a b l e  f o r  systems c h e c k s .  

I t  does seem L ? - - L  the LpJ -..- + I.- r r n 7 . 7 n n - A  ,,* l / I l d L  I I l U D b  u c  p u w G r G u  up 

A G & N  c o n s t r a i n t  r e q u i r e s  a landmark t r a c k i n g  o f  t h e  
i n t e n d e d  l a n d i n g  s i t e  a t  t h e  l a t e s t  p o s s i b l e  o p p o r t u n i t y  p r i o r  
t o  undocking.  Thus t h i s  a c t i v i t y  must  o c c u r  1 1 / 2  h o u r s  b e f o r e  
undocking  or 2 h o u r s  p r i o r  t o  s e p a r a t i o n  ( s ee  F i g u r e  2 ) .  
docked LM IMU a l ignmen t  i n  t h e  n i g h t  p a s s  f o l l o w i n g  t h e  l and-  
mark t r a c k i n g  i s  a l s o  a c u r r e n t  r e q u i r e m e n t .  S i n c e  i n t r a v e h i -  
c u l a r  t r a n s f e r  ( I V T )  i n t e r f e r e s  w i t h  t h e  landmark t r a c k i n g ,  
which i s  per formed i n  t h e  CM lower  equipment  bay ( L E B ) ,  t h e  
LM crew must be i n  t h e  LM a t  t h a t  t i m e .  Thus as a minimal  
r e q u i r e m e n t ,  n o t  c o n s i d e r i n g  f u l l  sys t ems  c h e c k s ,  t h e  LM 
crew must b e  i n  t h e  LM f o r  t h e  2 h o u r s  p r e c e d i n g  undocking.  
A p r e v a l e n t  estimate as t o  t h e  t i m e  r e q u i r e d  f o r  d e t a i l e d  
sys t ems  checks  i s  4 hours ' ' ) .  Adding t h e  2 h o u r s  d i s c u s s e d  
above ,  a 6 hour  minimum d u r a t i o n  o f  LM a c t i v a t i o n  and  check- 
o u t  i s  o b t a i n e d .  I n  t h e  t i m e l i n e s  p r e s e n t e d  here  a minimum 
of 4 1 / 2  h o u r s  i s  a l lowed  f o r  sys t ems  c h e c k s ,  g i v i n g  a 6 1 / 2  
h o u r  t o t a l .  

A 
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The most s t r a i g h t f o r w a r d  method of  s c h e d u l i n g  LM 
a c t i v a t i o n  and checkout  i s  t o  combine a l l  6 1 / 2  hour s  i n t o  a 
s i n g l e  b l o c k  and s c h e d u l e  them immedia t e ly  b e f o r e  d e s c e n t .  
T h i s  i s  t h e  method used  i n  p r ime  t i m e l i n e  A and i t s  r e a l  t i m e  
a l t e r n a t e s .  I t  imposes c e r t a i n  r e q u i r e m e n t s  and p e n a l t i e s  
upon t h e  w o r k / r e s t  c y c l e ,  as w i l l  b e  d i s c u s s e d  i n  s e c t i o n  4 . 1 .  
A con t inuous  6 1 / 2  h o u r  LM a c t i v a t i o n  and  checkout  b l o c k  i s  
shown i n  F i g u r e  5. 

One method o f  a l l e v i a t i n g  these  c o n s t r a i n t s  i s  to 
s p l i t  t h e  LM a c t i v a t i o n  and checkout  i n t o  a 4 1 / 2  h o u r  s y s -  
t e m s  checkout  and a s e p a r a t e  2 h o u r  b l o c k  p r e c e d i n g  d e s c e n t .  
T h i s  method o f  d i v i s i o n  p r o v i d e s  f o r  t h e  m a j o r  p o r t i o n  of t h e  
a c t i v i t y  t o  b e  accompl ished  i n  t h e  f i r s t  s e c t i o n ,  w i t h  t h e  
second s e c t i o n  r e d u c e d  t o  an a b s o l u t e  minimum as d e f i n e d  above .  
T h i s  a l l o w s  a s l e e p  p e r i o d  t o  b e  s c h e d u l e d  between t h e  two 
p o r t i o n s  o f  c h e c k o u t ,  t h e  l a t e s t  p o s s i b l e  t ime b e f o r e  d e s c e n t .  
T h i s  i s  t h e  p r o c e d u r e  used f o r  pr ime t i m e l i n e s  B ,  C ,  and D 
and t h e i r  r e a l  time a l t e r n a t e s .  The q u e s t i o n  now a r i s e s ,  how- 
e v e r ,  as t o  w h e t h e r  t h e  LM may b e  l e f t  i n  a powered up,  oper -  
a t i n g  s t a t e  between t h e  two p o r t i o n s  o f  checkou t  t i m e .  Not 
on ly  a r e  consumables  used ,  pe rhaps  c a u s i n g  d e p l e t i o n  o f  t h e  
q u a n t i t i e s  a v a i l a b l e  t o  an e x c e s s i v e  e x t e n t ,  b u t  t h e  LM may 
b e  l e f t  unmoni tored  by t h e  crew w i t h  sys t ems  r u n n i n g ,  l e a d i n g  
t o  p o s s i b l e  p rob lems .  T h e  LM may, o f  c o u r s e ,  b e  powered down 
w h i l e  n o t  i n h a b i t e d ,  t h u s  a l l e v i a t i n g  such  p rob lems ,  how- 
e v e r  such  a n  a c t i o n  may p a r t i a l l y  i n v a l i d a t e  t h e  sys t ems  
checks  j u s t  comple ted .  T h i s  would r e q u i r e  a t  l e a s t  a p a r t i a l  
r echeck  of  some sLrstems upon r e a c t i v a t i n g  t h e  LM i n  t.he f i n a l  
2 h o u r  t i m e  b l o c k .  

T h e  r e s o l u t i o n  o f  t h i s  problem i s  n o t  c l e a r  a t  t h i s  
t i m e ( 2 ) .  The p e r f u n c t o r y  checks  r e q u i r e d  a f t e r  powering down 
and r e a c t i v a t i n g  t h e  LM would a p p e a r  t o  f i t  i n t o  t h e  s l a c k  
t i m e  i n c l u d e d  i n  t h e  f i n a l  2 h o u r  b l o c k .  However, a d d i t i o n a l  
consumables are  s t i l l  used i n  t h i s  mode. A d e t a i l e d  consum- 
ables  usage  a n a l y s i s  o f  t hese  modes, n o t  per formed he re ,  i s  
r e q u i r e d  t o  f u l l y  u n d e r s t a n d  t h e  t r a d e o f f s  i n v o l v e d  and t o  
v a l i d a t e  t h e  s p l i t  LM a c t i v a t i o n  and  checkou t  a p p r o a c h .  

3 .3  Touchdown (TD) Block:  

The d e s c e n t  t i m e l i n e  i s  d e f i n e d  backward from TD. 
Powered d e s c e n t  i n i t i a t i o n  ( P D I )  o c c u r s  ( s ee  F i g u r e  2 )  l o o  
s h o r t  o f  TD, and d e s c e n t  o r b i t  i n s e r t i o n  ( D O I )  o c c u r s  1 8 0 °  
u e l o r e  TD. S f n c e  TD i s  7" f'raom t h e  t e r m i n a t o r  i n  t he  sun- 
l i g h t ,  t h i s  p l a c e s  D O 1  7" i n  d a r k n e s s .  Undocking, LM 
i n s p e c t i o n ,  and  s e p a r a t i o n  must o c c u r  i n  d a y l i g h t ,  and  t h i s  
sequence  r e q u i r e s  approx ima te ly  30 m i n u t e s .  S i n c e  t h e  h o u r  
p r e c e d i n g  D O 1  i s  i n  d a r k n e s s ,  undocking  must o c c u r  a t  l e a s t  
.1 1/2 h o u r s  prior t o  DOI. The h c u r  between s e p a r a t i o n  and 

1. - n 
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D O 1  p r o v i d e s  an  o p p o r t u n i t y  f o r  a f i n a l  LM I M U  a l i g n  a n d  
s y s t e m s  check ,  as w e l l  a s  p r e p a r a t i o n  f o r  D O I .  Adding t h e  
h o u r  be tween DO1 a n d  TD t o  t h e  1 1/2 h o u r s  be tween  undock 
a n d  D O I ,  as shown i n  F i g u r e  2 ,  d e s c e n t  r e q u i r e s  2 1/2 h o u r s .  
F i g u r e  6 i l l u s t r a t e s  t h e  TD b l o c k  o f  a c t i v i t i e s .  

Optimum a b o r t  t o  o r b i t  o p p o r t u n i t i e s  o c c u r  a t  2 
m i n u t e s  and  2 h o u r s  a f t e r  TD. Upon r e a c h i n g  t h e  s u r f a c e  
t h e  crew p e r f o r m s  a comple te  p o s t  l a n d i n g  sys t ems  c h e c k .  
They t h e n  v e r i f y  sys t ems  f o r  a p o s s i b l e  LO a t  t h e  2 h o u r  
p o i n t .  An a c t u a l  countdown i s  e x e r c i s e d  to j u s t  p r i o r  t o  
a c t u a l  a s c e n t .  T h i s  a c t i v i t y  t h u s  r e q u i r e s  t h e  f u l l  two 
h o u r s  f o l l o w i n g  l a n d i n g .  The time b l o c k  a s s o c i a t e d  w i t h  
TD, f rom undocking  to comple t ion  o f  t h e  p o s t l a n d i n g  check-  
o u t ,  t h e n ,  i s  4 1/2 h o u r s  l o n g .  

3.4 E x t r a v e h i c u l a r  A c t i v i t y  (EVA) B lock :  . 

One man e g r e s s e s  f rom t h e  LM and  s p e n d s  a b o u t  1 h o u r  on t h e  
s u r f a c e  p r i o r  t o  b e i n g  j o i n e d  b y  t h e  s e c o n d  man. Both men 
s p e n d  t h e  n e x t  two h o u r s  o u t s i d e  t h e  LM. P r o v i s i o n  i s  made, 
however ,  i n  t h e  EVA t i m e l i n e ,  for a r e a l  t i m e  d e c i s i o n  t o  
t e r m i n a t e  t h e  a c t i v i t y  a f t e r  two h o u r s  i n  c a s e  o f  crew f a t i g u e  
or minimal  consumables  r e s e r v e s  i n  t h e  P o r t a b l e  L i f e  S u p p o r t  
Sys tem (PLSS).  For t i m e l i n e  p l a n n i n g  p u r p o s e s  3 h o u r s  must  
b e  p r o v i d e d  f o r  EVA, A d d i t i o n a l  t i m e ,  however ,  i s  a s s o c i a t e d  
w i t h  t h e  EVA t i m e  b l o c k ,  

The nomina l  l u n a r  s u r f a c e  EVA r e q u i r e s  3 h o u r s  ( 3 )  . 

P r e p a r a t i o n  f o r  EVA r e q u i r e s  s u c h  a c t i v i t i e s  as 
d o n n i n g  he lmet  and  g l o v e s ,  a t t a c h i n g  t h e  PLSS a n d  Oxygen 
Purge  System (OPS), powering down some LM s y s t e m s ,  a n d  unstow- 
i n g  equipment  f o r  u s e  on  t h e  l u n a r  s u r f a c e .  S i m u l a t i o n s  o f  

t hese  a c t i v i t i e s  i n  LM mockup MSC-16 i n  l g  ( 4 )  r e q u i r e d  be tween  
1 and  2 h o u r s .  I n  t h e  t i m e l i n e s  p r e s e n t e d  h e r e  2 h o u r s  a re  
a l l o t t e d  for EVA p r e p a r a t i o n .  

After EVA t h e  LM must  b e  powered up a g a i n  and  r e c h e c k -  
ed .  The PLSS and  OPS must b e  d o f f e d ,  equipment  s towed  or j e t t i -  
s o n e d ,  and  p r e  EVA s t a t u s  r e s t o r e d .  S i m i l a r  s i m u l a t i o n s  o f  
t h e s e  a c t i v i t i e s  ( 5 )  have r e q u i r e d  j u s t  o v e r  1 h o u r .  
a c t i v i t i e s  occupy 1 1/2 hours  i n  t h e  t i m e l i n e s  d e v e l o p e d  here .  

P o s t  EVA 

The +,.+..-I I / u b d ~  L l  ~ ~ o c z i  of’ t i m e  a s s o c l i a t e d  w i t h  EVA, i n c i u d -  
i n g  p r e  a n d  p o s t  EVA o p e r a t i o n s  consumes 6 1/2 h o u r s ,  as 
shown i n  F i g u r e  7 .  T h i s  i n c l u d e s  a l l  a c t i v i t i e s  on t h e  l u n a r  
s u r f a c e  a s s o c i a t e d  w i t h  manned o p e r a t i o n s  o u t s i d e  o f  t h e  LM. 
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3 .5  L i f t  O f f  ( L O )  Block:  

Nominal (optimum) o p p o r t u n i t y  for LO o c c u r s ,  as 
shown i n  F i g u r e  2 ,  a t  2 hour  i n t e r v a l s  a f t e r  TD. T h e  p o s t -  
l a n d i n g  checkou t  d e v o t e s  p a r t  o f  i t s  time t o  p r e p a r i n g  f o r  
t h e  f i r s t  s u c h  o p p o r t u n i t y .  P r e p a r a t i o n  f o r  LO a t  any o t h e r  
t ime repea ts  a p o r t i o n  of  t h i s  p r o c e d u r e ,  as w e l l  as a f e w  
a d d i t i o n a l  o p e r a t i o n s .  The t i m e l i n e s  p r e s e n t e d  here  d e v o t e  
a t  l e a s t  1 1 / 2  h o u r s  to LO p r e p a r a t i o n .  

The nominal  t i m e l i n e  must s c h e d u l e  LO, and  t h e  
comple t ion  o f  LO p r e p a r a t i o n ,  a t  some m u l t i p l e  o f  t h e  2 h o u r  
l a u n c h  o p p o r t u n i t y  c y c l e  a f t e r  TD. A s c e n t ,  which b e g i n s  a t  
t h i s  p o i n t  and ends  w i t h  t h e  c o m p l e t i o n  o f  dock ing  r e q u i r e s  
3 1 / 2  h o u r s  (11) ( s e e  F i g u r e  2 ) .  
samples  to b e  r e t u r n e d  t o  e a r t h  a re  t r a n s f e r r e d  t o  t h e  CM, 
t h e  LM i s  d e a c t i v a t e d ,  t h e  crew r e t u r n s  t o  t h e  CM,  and t h e  
h a t c h  i s  c l o s e d  to s e a l  o f f  t h e  LM. S i m u l a t i o n s  o f  t h i s  i n -  
t r a v e h i c u l a r  t r a n s f e r  (IVT) are i n  p r o g r e s s  t o  r e f i n e  t h e  

e s t i m a t e d  2 hour s  ( 6 )  r equ i r ed  f o r  o p e r a t i o n .  

A f t e r  d o c k i n g ,  equipment  and 

The b l o c k  o f  time b e g i n n i n g  w i t h  LO p r e p a r a t i o n  and  
e n d i n g  w i t h  t h e  d e a c t i v a t e d ,  s e a l e d  o f f  LM, as shown i n  F i g u r e  
8 ,  r e q u i r e s  a t o t a l  of 7 or 7 1 / 2  h o u r s ,  T h i s  t i m e  r e q u i r e -  
ment i s  somewhat l ess  w e l l  d e f i n e d  and  s l i g h t l y  more f l e x i b l e  
t h a n  t h a t  a s s o c i a t e d  w i t h  TD. 

3.6  Trans  Earti? i n j e c t i o n  ( T E i j  Block:  

A s  w a s  ment ioned p r e v i o u s l y  T E I  o c c u r s  a t  t h e  same 
p o i n t  as LO1 and may b e  s c h e d u l e d  i n  t h e  manner d e s c r i b e d  
u s i n g  F i g u r e  2 .  A s  i l l u s t r a t e d  i n  F i g u r e  9 ,  LM j e t t i s o n  and  
p r e p a r a t i o n s  f o r  T E I  r e q u i r e  2 h o u r s ( 6 ) ,  and  p o s t  T E I  opera-  
t i o n s  a re  assumed t o  t a k e  a minimum o f  2 h o u r s ,  a l t h o u g h  t h e  
e x a c t  t i m e  r e q u i r e d  i s  not  c r i t i c a l  f o r  p l a n n i n g  p u r p o s e s .  
Thus t h e  T E I  t i m e  b l o c k  t a k e s  a minimum o f  4 h o u r s .  

3 . 7  Don/Doff P r e s s u r e  Garment Assembly ( P G A )  Block:  

The PGA i s  donned and  d o f f e d  i n  t h e  C M ,  and  worn 
d u r i n g  d e s c e n t ,  a s c e n t ,  and t h e  e n t i r e  l u n a r  s u r f a c e  s t a y .  
The a c t i v i t y  i s  a s e q u e n t i a l  o p e r a t i o n ,  w i t h  o n l y  a s i n g l e  
crew member pe r fo rming  a donning  or d o f f i n g  i n  t h e  LEB a t  a 
t h e .  Groti f id s i m u l a t i o n s  i n d i c a t e  t h a t  t h e  donliing opepa- 
t i o n  i s  q u i t e  t i m e  consuming, r e q u i r i n g  30 m i n u t e s  p e r  crew 
man or more. Recent  z e r o  g e x p e r i e n c e  on Apo l lo  7 and  A p o l l o  
8 has r e v i s e d  t h e  e s t i m a t e  t o  1 0  m i n u t e s  p e r  man or l e s s .  
D o f f i n g  r e q u i r e s  abou t  h a l f  t h e  t i m e  n e c e s s a r y  f o r  donning .  
P G A  donning  i s  a l l o t t e d  1 h o w  and 1 / 2  h o u r  i s  p r o v i d e d  f o r  
d o f f i n g  i n  t h e  t i m e l i n e s  p r e s e n t e d .  
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3 . 8  E a t  Block:  

T i m e  i s  p rov ided  f o r  e a t i n g  a f t e r  e v e r y  6 t o  8 hour s  
o f  o t h e r  a c t i v i t i e s ,  
S i n c e  t h e  a c t u a l  p r o c e s s  of e a t i n g  does  n o t  r e q u i r e  a f u l l  
h o u r ,  t h i s  p e r i o d  p rov ides  t h e  t i m e  r e q u i r e d  f o r  p e r s o n a l  hy- 
g i e n e  and g e n e r a l  housekeeping  c h o r e s .  E x p e r i e n c e  i n d i c a t e s  
t h a t  e a t i n g  and p e r s o n a l  hyg iene  a c t i v i t i e s  r a r e l y  o c c u r  as 
p e r  s c h e d u l e .  These schedu led  b l o c k s ,  t h e r e f o r e ,  r e p r e s e n t  
s l a c k  t o  accomodate  t h e  a c t u a l  o c c u r r e n c e  o f  t hese  e v e n t s .  

Each  b l o c k  f o r  e a t i n g  i s  1 hour  i n  l e n g t h .  

S i n c e  t h e  i n c l u s i o n  of  a 1 h o u r  ea t  b l o c k  i s  r e q u i r e d  
e v e r y  6 t o  8 h o u r s ,  most of t h e  m a j o r  a c t i v i t i e s  d i s c u s s e d  
above a re  o p e r a t i o n a l l y  1 hour  l o n g e r  t h a n  i n d i c a t e d .  Thus,  
for p l a n n i n g  pu rposes  t h e  6 1 / 2  h o u r  EVA b l o c k  must b e  c o n s i d e r -  
ed t o  consume 7 1 / 2  h o u r s  when t h e  r e q u i r e d  e a t i n g  a l l o t m e n t  
i s  i n c l u d e d .  

3 . 9  Rest Block:  

Nominal t i m e l i n e s  are  p l a n n e d  t o  p r o v i d e  a p p r o x i -  
m a t e l y  a 1618 w o r k / r e s t  c y c l e .  T h i s  r e f l e c t s  an  a t t e m p t  t o  
m a i n t a i n  t h e  customary p e r i o d i c i t y  o f  a normal  24 h o u r  e a r t h  
d a y .  I n  t h e o r y  i t  a l s o  m a i n t a i n s  t h e  earth-based d i u r n a l  
c y c l e s  or c i r c a d i a n  rhythms i n  t h e i r  2 4  hour  p e r i o d i c i t y .  

d u r i n g  t h e  work p o r t i o n  of t h e  c y c l e  improves as s l e e p  dura-  
t i o n  i n c r e a s e s  f rom l t o  6 h o u r s .  Between 6 and  8 h o u r s  o f  
s l e e p  p r o v i d e s  l i t t l e  demons t r ab le  i n c r e a s e  i n  l e v e l  o f  p e r f o r -  
mance, a l t h o u g h  t h e r e  a p p e a r s  t o  b e  some f e e l i n g  o f  "well  
b e i n g "  a t t a i n e d .  S l e e p  beyond 8 h o u r s  d u r a t i o n  i n  a 24 h o u r  
c y c l e  r e s u l t s  i n  no improvement of  pe r fo rmance .  Accord ing ly ,  
f o r  t h e  t i m e l i n e s  p r e s e n t e d  h e r e ,  a minimum o f  6 h o u r s  and  a 
maximum o f  8 h o u r s  o f  s l e e p  were used  as t h e  f l e x i b i l i t y  l i m i t s  
o f  t h e  16/8  c y c l e .  

The a v a i l a b l e  ev idence  ( 7 )  i n d i c a t e s  t h a t  per formance  

Dur ing  a normal  16 /8  w o r k / r e s t  c y c l e ,  e f f i c i e n c y  i s  
l o w e s t  upon a r i s i n g ,  i n c r e a s e s  s h a r p l y  t o  a p l a t e a u  a f t e r  
a b o u t  4 h o u r s ,  and  b e g i n s  t o  d r o p  a b o u t  4 h o u r s  b e f o r e  r e t f r -  
i n g ( 8 ) .  
s h o u l d  b e  s c h e d u l e d  d u r i n g  t h e  m i d d l e  o f  t h e  work p e r i o d .  O f  
c o u r s e  o t h e r  f a c t o r s ,  such as task  l o a d i n g ,  m o t i v a t i o n ,  and 
d a n g e r  a f f e c t  t h e  l e v e l  of pe r fo rmance  s i g n i f i c a n t l y .  

Thus i d e a l l y  t h e  most d i f f i c u l t  t a s k s  t o  accompl i sh  
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S t u d i e s  o f  s l e e p  d e p r i v a t i o n  i n d i c a t e  ( 9 )  a sequence  
o f  p r o g r e s s i v e  per formance  d e t e r i o r a t i o n s  as a f u n c t i o n  o f  
i n c r e a s e d  s l e e p  d e p r i v a t i o n .  D e t e c t i o n  o f  v i s u a l  t a r g e t s  
( e . g . ,  a c q u i r i n g  t h e  CSM d u r i n g  r endezvous )  i s  one of t h e  
f i r s t  f u n c t i o n s  t o  deg rade ,  f o l l o w e d  b y  an  i n c r e a s e d  t ime  
r e q u i r e m e n t  f o r  d e c i s i o n  making ( e  . g . ,  r e a c t i o n  time f o r  
e m e r g e n c i e s ) ,  and t h e n  o p e r a t i o n a l  e r r o r  ( e . g . ,  DSKY m i s -  
p u n c h ) .  None o f  t h e s e  i s  i n c a p a c i t a t i n g ,  b u t  a l l  do i n v o l v e  
i n c r e a s e d  r i s k .  Degrada t ions  o f  m e n t a l  c a p a c i t y ,  such  as t h e  
a b i l i t y  t o  do a r i t h m e t i c  problems,  do n o t  a p p e a r  t o  b e  s i g n i f -  
i c a n t  u n t i l  40  hour s  o f  con t inuous  w a k e f u l n e s s .  

The s a n c t i t y  o f  a 16/8 w o r k / r e s t  c y c l e  i s  n o t  c l e a r -  
l y  e s t a b l i s h e d ,  a l t h o u g h  i t  minimizes  r i s k  by a d o p t i n g  a n  
a c c e p t e d  and t h o r o u g h l y  t e s t e d  s t a n d a r d .  Although t h e  advan- 
tages or d i s a d v a n t a g e s  of o t h e r  p o s s i b l e  c y c l e s ,  such  as 8/4 
or 4/4 w i l l  n o t  b e  d i s c u s s e d  h e r e ,  t h e i r  p o s s i b l e  mer i t  does 
bear f u r t h e r  s c r u t i n y .  References  7 and  1 0  r ev iew t h i s  a rea  
t h o r o u g h l y .  

4.0 TIMELI NES 

Four  p r i m a r y ,  o r  nomina l ,  p o s s i b l e  t i m e l i n e s  are  
d e v e l o p e d .  Each f u l f i l l s  t h e  r e q u i r e m e n t s  s e t  f o r t h  above 
i n  i t s  p l a n n e d  form and d e v i a t e s  f rom t h e  w o r k / r e s t  c y c l e  
c o n s t r a i n t s  i n  i t s  r e a l  time a l t e r n a t e s ,  which r e p r e s e n t  
unplanned  ( b u t  p r e c o n s i d e r e d )  d e c i s i o n s  b y  t h e  crew t o  p o s t -  
pone d e s i g n a t e d  s l e e p  p e r i o d s .  Thus each  r e a l  t i m e  a l t e r n a t e  
r e f l e c t s  t h e  b e n e f i t s  and p e n a l t i e s  o f  r e a l  t i m e  d e c i s i o n s  t o  
modify t h e  p r e p l a n n e d  nominal t i m e l i n e ,  and  t h e  f a m i l y  o f  
a l t e r n a t e s  may b e  t a k e n  as a n  i n d i c a t i o n  o f  t h e  r e a l  t i m e  
f l e x i b i l i t y  o f  t h e  nominal  t i m e l i n e .  

A s  d i s c u s s e d  above and  i l l u s t r a t e d  i n  F i g u r e  3 ,  
o p p o r t u n i t i e s  t o  s l e e p  come o n l y  a t  d i s c r e t e  i n t e r v a l s ,  b e f o r e  
o r  a f t e r  f i x e d  b l o c k s  o f  a c t i v i t i e s .  T a b l e  1 summarizes some 
p o s s i b l e  w o r k / r e s t  c o n f i g u r a t i o n s  i n  a d e c i s i o n  m a t r i x .  Each 
combina t ion  r e fe r s  t o  a s p e c i f i c  t i m e l i n e  p r e s e n t e d  here .  

Two a l t e r n a t i v e  LM a c t i v a t i o n  and  checkou t  p e r i o d s  
a r e  c o n s i d e r e d ,  one b e f o r e  LO1 and  t h e  o t h e r  a f t e r  L O I .  An 
a s t e r i s k  ( * )  i n  T a b l e  1 i n d i c a t e s  t h e  o p t i o n  chosen  f o r  a 
s p e c i f i c  t i m e l i n e .  A f i n a l  LM a c t i v a t i o n  and  checkou t  p e r i o d  
always p r e c e d e s  d e s c e n t .  A s l e e p  p e r i o d  i s  d e s i g n a t e d  by an  
"S" below t h e  t i m e l i n e  between t h e  e v e n t s  which b r a c k e t  i t .  
When a r ea l  t i m e  d e c i s i o n  i s  made n o t  t o  s l e e p  a t  a p l anned  
t i m e  a n  "N" i n d i c a t e s  such a n  a c t i o n .  
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4 . 1  T i m e l i n e  A and Al te rna tes :  

The t i m e l i n e  i d e n t i f i c a t i o n s ,  o r g a n i z e d  i n t o  f o u r  
f a m i l i e s ,  a re  shown i n  t h e  f i r s t  column o f  T a b l e  1. T i m e -  
l i n e  A i s  t h e  nominal ,  p rep lanned  v e r s i o n  of t h e  f i r s t  
f a m i l y ,  and Ala, A l b ,  and A 2  r e p r e s e n t  i t s  r e a l  t i m e  a l t e r -  
n a t e s .  I t  i s  c l e a r  f rom t h e  c h a r t  t h a t  f a m i l y  A i s  c h a r a c t e r -  
i z e d  by s l e e p  i n  l u n a r  o r b i t  p r i o r  t o  LM a c t i v a t i o n  and s l e e p  
on t h e  s u r f a c e  nomina l ly  b e f o r e  EVA as a r e s u l t  o f  t h e  16/8 
w o r k / r e s t  c o n s t r a i n t .  S i m i l a r l y ,  s l e e p  i s  a l s o  nomina l ly  
s c h e d u l e d  i n  o r b i t  b e f o r e  T E I .  

Real t ime a l t e rna te  Ala i n d i c a t e s  t h e  r e s u l t  o f  a 
r e a l  t i m e  d e c i s i o n  n o t  t o  s l e e p  b e f o r e  T E I .  T h i s  might  
r e s u l t  f rom crew a p p r e h e n s i o n  as t o  w h e t h e r  t h e  SPS w i l l  p e r -  
form p r o p e r l y  and t h e i r  d e s i r e  t o  f i n d  o u t  p r i o r  t o  s l e e p i n g .  
The consequence o f  t h i s  d e c i s i o n  i s  to move t h e  s c h e d u l e d  
t i m e  f o r  s l e e p  t o  immedia te ly  a f t e r  t h e  T E I  b l o c k .  

I n  a s imilar  f a s h i o n  t h e  crew might  d e c i d e  t o  p o s t -  
pone t h e  s c h e d u l e d  s l e e p  p e r i o d  b e f o r e  EVA, a n o t  u n l i k e l y  
p o s s i b i l i t y  on t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n .  Real t i m e  
a l t e r n a t e  A l b  a d d r e s s e s  t h i s  p o s s i b i l i t y  and  shows t h e  s l e e p  
s c h e d u l e  s l i p p a g e  t o  b e f o r e  LO and t h e  r e s u l t i n g  t r a n s f e r  o f  
a s l e e p  p e r i o d  from b e f o r e  t o  a f t e r  T E I .  The d u a l  d e c i s i o n s  
n o t  t o  s l e e p  on t h e  l u n a r  s u r f a c e  a t  a l l  a r e  r e f l e c t e d  i n  r e a l  
t i m e  a l t e r n a t e  A 2 .  These  f o u r  t i m e l i n e s  a re  p r e s e n t e d  i n  de- 
t a i l  i n  t h e  appendix .  

The most s i g n i f i c a n t  a d v a n t a g e  of t h e  A f a m i l y  o f  
t i m e l i n e s  i s  t h e  s c h e d u l i n g  o f  LM a c t i v a t i o n  and  checkout  
i n  a s i n g l e  b l o c k  immedia te ly  p r e c e d i n g  d e s c e n t .  T h i s  a l l o w s  
t h e  s c h e d u l i n g  o f  a c t i v e  LM t i m e  i n c l u d i n g  o n l y  one s l eep  
p e r i o d .  Assuming t h a t  t h e  LM must b e  l e f t  a c t i v a t e d  d u r i n g  
s l e e p ,  t h e  A f a m i l y  p r o v i d e s  t h e  minimum usage  o f  LM consum- 
ab le s .  

The p e n a l t y  a s s o c i a t e d  w i t h  t h e  p l a n  i s  a re la -  
t i v e  loss o f  r e a l  t i m e  f l e x i b i l i t y .  Tha t  i s ,  i t  p r a c t i c a l l y  
r e q u i r e s  a s l e e p  p e r i o d  on t h e  l u n a r  s u r f a c e .  Only r e a l  t i m e  
a l t e r n a t e  A 2  p r o v i d e s  f o r  no s l e e p  on t h e  s u r f a c e ,  and t h e  
a s s o c i a t e d  p e n a l t y  i s  a 31 h o u r  work p e r i o d .  Yet t h e  proba-  
b i l i t y  o f  t h e  crew b e i n g  uncomfor t ab le  and ne rvous  abou t  
s l e e p i n g  i n  a v e r y  n o v e l  envi ronment  i s  n o t  n e g l i b i b l e .  A 
f u r t h e r  d i s c u s s i e n  o f  t h e  t r a d e o f f s  betvreen t i m e l i n e s  I s  
p r e s e n t e d  i n  s e c t i o n  5 .  
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4.2 T i m e l i n e  B and  Al te rna tes :  

T i m e l i n e s  B y  C y  and  D and  t h e i r  a l t e r n a t e s  a l l  
i n v o l v e  s p l i t  LM a c t i v a t i o n  a n d  c h e c k o u t ,  w i t h  t h e  l a r g e r  
p o r t i o n  o c c u r r i n g  p r i o r  t o  s l e e p  and a s h o r t e r  s y s t e m  check 
p r e c e d i n g  d e s c e n t .  T ime l ine  B and  i t s  r e a l  t i m e  a l t e r n a t e s ,  
shown i n  d e t a i l  i n  t h e  append ix ,  a l l  p e r f o r m  t h e  f i r s t  s t a g e  
o f  LM a c t i v a t i o n  and  checkou t  i m m e d i a t e l y  a f t e r  L O I .  A 
s l e e p  p e r i o d  p r e c e d e s  t h e  f i n a l  o r b i t a l  a c t i v i t i e s  b e f o r e  
d e s c e n t .  A s  a r e s u l t  o f  t h e  o r b i t a l  s l e e p  p e r i o d  s c h e d u l e d  
i n  such  p r o x i m i t y  t o  d e s c e n t  t h e  nomina l  s u r f a c e  s l e e p  can  
f o l l o w  EVA. 

A number o f  a d v a n t a g e s  a c c r u e  from t h i s  c o n f i g u r a -  
t i o n .  The nominal  t i m e l i n e  c a l l s  f o r  t h e  n e x t  s l e e p  f o l l o w -  
i n g  T E I ,  t h e r e b y  e l i m i n a t i n g  a r e a l  t i m e  "no s l e e p  b e f o r e  
T E I "  d e c i s i o n  as c o u l d  occur  w i t h  t i m e l i n e  A. ( r e a l  t i m e  a l t e r -  
n a t e  A l a ) .  T i m e l i n e  B a l s o  r e d u c e s  t h e  nomina l  number of  
s l e e p s  i n  t h e  l u n a r  e n v i r o n s  from 3 t o  2 ,  t h e r e b y  r e d u c i n g  t h e  
CSM t i m e  i n  l u n a r  o r b i t .  

With t h i s  f a m i l y  o f  t i m e l i n e s  t h e  d e c i s i o n  n o t  t o  
s l e e p  on t h e  l u n a r  s u r f a c e  ( r e a l  t i m e  a l t e r n a t e  Bl) i s  a 
s i n g l e ,  ra ther  t h a n  d o u b l e ,  d e c i s i o n  w i t h  a p e n a l t y  o f  o n l y  
2 5 . 5  awake h o u r s ,  r a t h e r  t h a n  t h e  31 a s s o c i a t e d  w i t h  a s i m i -  
l a r  mode i n  a l t e r n a t e  A 2 .  The d u a l  d e c i s i o n  shown i n  a l t e r -  
n a t e  B2, n o t  t o  s l e e p  on t h e  s u r f a c e  a n d  t o  p o s t p o n e  t h e  r e s u l t -  
i n g  s l e e p  b e f o r e  T E I  has an a s s o c i a t e d  30 .5  h o u r  awake p e n a l t y ,  
b u t  s i g n i f i c a n t l y  r e d u c e s  b o t h  CSM l u n a r  o r b i t  and  LM l u n a r  
s u r f a c e  t imes.  

S i n c e  t h e  t i m e  between i n i t i a l  LM a c t i v a t i o n  and  
f i n a l  LM d e a c t i v a t i o n  i s  i n c r e a s e d  by one s l e e p  p e r i o d  
i n  t i m e l i n e  B o v e r  t i m e l i n e  A e i t h e r  consumables  must  b e  
s u f f i c i e n t  t o  accomodate  t h i s  i n c r e a s e d  o p e r a t i v e  t i m e  or 
t h e  LM must b e  a t  l eas t  p a r t i a l l y  d e a c t i v a t e d  d u r i n g  t h e  
e x t r a  s l e e p  p e r i o d .  T h i s  p roblem has b e e n  d i s c u s s e d  i n  
s e c t i o n  3.2. Other  t r a d e o f f s  w i l l  b e  p r e s e n t e d  i n  s e c t i o n  
5 .  

r e a l  t i m e  d e c i s i o n s  i d e n t i c a l  t o  t h o s e  f o r  B1 and  B2, w i t h  
s imi l a r  b e n e f i t s .  They  w i l l ,  t h e r e f o r e ,  n o t  b e  d i s c u s s e d  
i n  d e t a i l .  

The r e a l  t i m e  a l t e r n a t e s  C 1 ,  C2, D1, and  D2 i n v o l v e  

4 . 3  T i m e l i n e  C and A l t e r n a t e s :  

T i m e l i n e  C and  i t s  r e a l  t i m e  a l t e r n a t e s  a re  p r e -  
s e n t e d  i n  d e t a i l  i n  t h e  append ix .  T h i s  f a m i l y  d i f f e r s  f rom 
f a m i l y  B i n  t h a t  LM a c t i v a t i o n  a n d  c h e c k o u t  has b e e n  s h i f t e d  
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t o  b e f o r e  L O I .  

r e p r e s e n t s  s l a c k  which can b e  used  t o  comple te  any LM a c t i v a -  
t i o n  and checkout  a c t i v i t i e s  n o t  accompl ished  d u r i n g  t h e  
p r e s c r i b e d  p e r i o d .  Not only does  t h i s  c o n f i g u r a t i o n  a l l o w  
more t i m e  f o r  a l e i s u r e l y  c h e c k o u t ,  b u t  i t  r e d u c e s  CSM l u n a r  
o r b i t  t ime  even  f u r t h e r .  If t h i s  t i m e l i n e  i s  t o  b e  a c c e p t e d  
i t  must b e  assumed t h a t  t h e  i n s e r t i o n  maneuver does  n o t  
i n v a l i d a t e  p r e v i o u s  LM sys tem c h e c k s .  

I n  t h i s  c a s e  t h e  t i m e  be tween LOIl and LO12 

4 . 4  T ime l ine  D and Al te rna tes :  

A d d i t i o n a l  b e n e f i t s  are  g a i n e d  by t h e  c o n s o l i d a -  
t i o n  of  LO1 i n t o  a s i n g l e  b u r n ,  as shown f o r  t h e  D f a m i l y  
o f  t i m e l i n e s  i n  t h e  appendix .  A s i n g l e  LO1 maneuver n o t  o n l y  
e l i m i n a t e s  t h e  4 hours  r e q u i r e d  f o r  t h e  d u a l  b u r n  mode, b u t  
a l l o w s  t h e  l a s t  s l e e p  p e r i o d  b e f o r e  d e s c e n t  t o  o c c u r  b e f o r e  
L O I .  T h i s  r e d u c e s  CSM l u n a r  o r b i t  t i m e  t o  an e v e n  lower  v a l u e  
and i n c r e a s e s  t h e  awake times b y  o n l y  1 h o u r  o v e r  f a m i l y  C .  
A more d e t a i l e d  a n a l y s i s  o f  t h i s  t y p e  o f  t r a d e o f f  may now b e  
p r e s e n t e d .  

5 . 0  TRADEOFFS 

A t i m e  m a t r i x ,  as  shown i n  T a b l e  2 ,  may now b e  used  
t o  a n a l y z e  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  t h e  d e t a i l e d  
t i m e l i n e s  deve loped  above .  The uppe r  p o r t i o n  o f  t h e  m a t r i x  
i n d i c a t e s  t h e  l e n g t h  of time hetween two f'ixpc? e v e n t s  tha t  
d e f i n e  a n  a c t i v i t y  o f  i n t e r e s t .  The lower p o r t i o n  o f  t h e  
m a t r i x  p r e s e n t s  a n  i n d e x  o f  per formance  by assuming t h a t  t h e  
amount o f  t ime  s i n c e  t h e  l a s t  o p p o r t u n i t y  t o  s l e e p  may b e  
used  as a n  i n d i c a t o r  o f  crew pe r fo rmance  l e v e l .  The t i m e  
s i n c e  s l eep  i s  shown f o r  s p e c i f i c  e v e n t s  which r e q u i r e  h i g h  
per formance  l e v e l s .  

From Table  2 i t  can  b e  s e e n  t h a t  t h e  f o u r  nominal  
t i m e l i n e s  a l l  p r o v i d e  c l o s e  t o  t h e  des i r ed  16/8 w o r k / r e s t  
c y c l e ,  and t h e  maximum time awake i n  a l l  p l a n s  i s  abou t  t h e  
same. The s i n g l e  "no s l e e p "  d e c i s i o n  r e a l  t i m e  a l t e r n a t e  
t i m e l i n e s  a l l  i n v o l v e  approx ima te ly  a f u l l  day w i t h o u t  s l e e p .  
The doub le  "no s l e e p "  d e c i s i o n  r e a l  t i m e  a l t e r n a t e s  r e q u i r e  
a p p r o x i m a t e l y  30 con t inuous  h o u r s  awake. 

The A f a m i l y  o f  t i m e l i n e s ,  as d e s i g n e d ,  min imize  

t h e r e b y  r e d u c i n g  consumables p rob lems .  If consumables  a re  
a d e q u a t e  or i f  p a r t i a l  or comple t e  i n t e r m e d i a t e  LM d e a c t i v a -  
t i o n  are a c c e p t a b l e  t h e  B ,  C ,  and  D t i m e l i n e s  a re  more 
a t t r a c t i v e .  I t  s h o u l d  be  n o t e d ,  a l s o ,  t h a t  r e a l  t i m e  a l t e r -  
n a t e s  I31 and E1 p r e v i d e  LM c o n t i n u e u s l y  a c t i v e  t imes sirnilar 
t o  A ,  Ala, and A l b ,  b u t  a t  t h e  p e n a l t y  o f  a f u l l  day awake. 

t a - -  e--- . - - . L 1  
CL I ~ L I I I C  I I-UIII i r i i  ~ i a i  iM a c t i v a t i o i i  to f l i ia i  iM deac t iva t ion ,  
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The A f a m i l y  o f  t i m e l i n e s  r e q u i r e s  t h e  l o n g e s t  C S M  
p e r i o d  i n  l u n a r  o r b i t .  F a m i l i e s  B y  C y  and D p r o v i d e ,  as de- 
s i g n e d ,  p r o g r e s s i v e l y  s h o r t e r  t imes i n  o r b i t  , t h e r e b y  d e c r e a s -  
i n g  t o t a l  m i s s i o n  t i m e .  It  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t i m e -  
l i n e  D r e d u c e s  l u n a r  o r b i t  t i m e ,  and  t h u s  m i s s i o n  t i m e ,  by 
more t h a n  a day o v e r  t h a t  r e q u i r e d  b y  t i m e l i n e  A .  Each s e t  
o f  r e a l  t i m e  a l t e r n a t e s ,  w i t h  t h e i r  i n h e r e n t  per formance  
p e n a l t i e s ,  p r o v i d e  CSM l u n a r  o r b i t  s t a y  t ime i n  t h e  same 
r a n g e  as t h e  p l a n n e d  t i m e l i n e  i n  t h e  n e x t  f a m i l y ,  Thus t h e  
54 hour  o r b i t a l  t ime  o f  t i m e l i n e  B i s  matched b y  a l t e r n a t e  
Ala, b u t  a t  t h e  c o s t  o f  a 23 .5  hour  maximum awake t i m e .  

5 . 1  E v a l u a t i o n  o f  No S l e e p  on t h e  S u r f a c e  A l t e r n a t e s :  

A l l  f o u r  nominal  t i m e l i n e s  c a l l  f o r  s l e e p  on  t h e  
l u n a r  s u r f a c e  and t h u s  r e q u i r e  a p p r o x i m a t e l y  20 h o u r s  s u r f a c e  
s t a y  t i m e .  I n  t i m e l i n e  A s l e e p  i s  b e f o r e  EVA, and  i n  t i m e -  
l i n e s  B ,  C ,  and D s l e e p  i s  a f t e r  EVA. By e l i m i n a t i n g  s l e e p  
on t h e  s u r f a c e ,  a l l  t h e  r e a l  t i m e  a l t e r n a t e s  t o  t i m e l i n e s  B ,  C y  
and D p r o v i d e  t h e  minimum l u n a r  s u r f a c e  s t a y  t i m e  of  1 2  h o u r s ,  
whereas a l t e r n a t e s  Ala and  Alb s t i l l  r e q u i r e  2 2  h o u r s  on t h e  
s u r f a c e .  O f  t h e  A f a m i l y ,  o n l y  t i m e l i n e  A 2 ,  w i t h  a 31 h o u r  
awake t i m e  p e n a l t y ,  p r o v i d e s  t h e  1 2  h o u r ,  no - s l eep  l u n a r  s u r -  
f a c e  s t a y .  T i m e l i n e s  B y  C y  and  D c a n ,  t h e r e f o r e ,  t o l e r a t e  t o  
a r e a s o n a b l e  degree a r e a l  t i m e  d e c i s i o n  t o  a v o i d  s l e e p i n g  on 
t h e  l u n a r  s u r f a c e .  T i m e l i n e  A canno t  do s o  w i t h o u t  a l a r g e  
maximum t i m e  awake w i t h  t h e  r e s u l t i n g  decrement  i n  pe r fo rmance .  

8ea l  t i m e  a l t e r n a t e s  8 2 ,  and C 2 ,  afid E 2  r e p r e s e f i t  
d e c i s i o n s  n o t  t o  s l e e p  on t h e  l u n a r  s u r f a c e  o r  i n  o r b i t  p r e -  
c e d i n g  T E I .  The r e s u l t i n g  p e n a l t y  i s  a v e r y  l o n g  awake. t i m e  
on t h e  o r d e r  of  30 h o u r s .  A s imilar  r e a l  t i m e  d e c i s i o n  n o t  
t o  s l e e p  on t h e  s u r f a c e  o r  i n  o r b i t  b e f o r e  TEI f o r  f a m i l y  A 
i s  s o  u n r e a s o n a b l e  t h a t  i t  i s  n o t  even  p r e s e n t e d .  

5 . 2  Performance a t  TD and Docking: 

The p r o j e c t e d  l e v e l s  o f  pe r fo rmance  can  b e  more 
c l o s e l y  examined i n  t h e  lower p o r t i o n  of T a b l e  2 .  Four  a c t i -  
v i t i e s ,  c r i t i c a l  i n  t h e  a s p e c t s  o f  c o o r d i n a t i o n ,  t i m i n g ,  or 
judgement ,  o r  a combina t ion  o f  t h e s e ,  a re  c o n s i d e r e d  i n  terms 
o f  t i m e  s i n c e  t h e  l a s t  s l e e p  b e f o r e  t h e  a c t i v i t y .  A s  i s  
shown, a l l  nominal  t i m e l i n e s  p r o v i d e  r e a s o n a b l e  awake times 
p r e v i o u s  t o  each  a c t i v i t y .  

T i m e l i n e s  B y  C y  and D p e r f o r m  t h e  two most c r i t i c a l  
maneuvers - l a n d i n g  and docking  - 6 . 5  t o  7 . 5  h o u r s  a f t e r  s l e e p .  
T i m e l i n e  A ,  however ,  r e q u i r e s  a 1 2  h o u r  awake p e r i o d  b e f o r e  
l a n d i n g  and  1 4 . 5  h o u r s  b e f o r e  dock ing ,  i n d i c a t i n g  t h e  p o s s i b i l -  
i t y  o f  a lower  l e v e l  o f  per formance  d u r i n g  t hese  maneuvers .  



. 

BELLCOMM, INC. - 16 - 

Real t i m e  d e c i s i o n s  n o t  t o  s l eep  on t h e  l u n a r  s u r -  
f a c e  r e s u l t  i n  a 2 7 . 5  hour awake t i m e  a t  dock ing  f o r  f a m i l y  
A ( a l t e r n a t e  A 2 ) ,  22 hours  awake a t  dock ing  for a l l  t h e  
f a m i l y  B and C a l t e r n a t e s ,  and  23  h o u r s  awake a t  dock ing  f o r  
f a m i l y  D .  No r e a l  t i m e  d e c i s i o n s  n o t  t o  s l e e p  a r e  c o n s i d e r e d  
p r i o r  t o  TD, and t h u s  t h e  prime and a l t e r n a t e  t i m e l i n e s  do  
n o t  d i f f e r  i n  TD awake times.  

5 . 3  EVA Per formance  : 

What w i l l  p o s s i b l y  b e  t h e  most  p h y s i c a l l y  demanding 
a c t i v i t y ,  EVA, o c c u r s  3 hour s  a f t e r  s l e e p  i n  t i m e l i n e  A ,  w h i l e  
t i m e l i n e s  B ,  C ,  and  D s c h e d u l e  t h e  e v e n t  a b o u t  1 2  h o u r s  a f t e r  
r e s t i n g .  However, i f  t h e  r e a l  t i m e  d e c i s i o n  n o t  t o  s l e e p  be- 
f o r e  EVA i s  made ( a l t e r n a t e  A l b ) ,  1 7  h o u r s  awake p r e c e d e  t h e  
EVA, whereas t h e  nominal  p l a n  f o r  t h e  o t h e r  t i m e l i n e s  p r o v i d e s  
t h a t  c a p a b i l i t y  w i t h  no p e n a l t y .  

5 . 4  Performance a t  T E I :  

T E I  i s  probably  t h e  l e a s t  c r i t i c a l  o f  t h e  f o u r  a c t i -  
v i t i e s  i n  terms o f  p h y s i c a l  r e q u i r e m e n t s  upon t h e  crew.  T h e  
d u a l  d e c i s i o n s  n o t  t o  s l e e p  on t h e  s u r f a c e  and  n o t  t o  s l e e p  
b e f o r e  T E I  ( r e a l  t i m e  a l t e r n a t e s  B 2 ,  C 2 ,  and  D 2 )  r e s u l t  i n  t h i s  
t a s k  b e i n g  per formed a f t e r  abou t  28 h o u r s  awake, a l a r g e  b u t  
n o t  i m p o s s i b l e  p e n a l t y .  The a c c r u i n g  b e n e f i t  i s  a n  8 h o u r  re- 
d u c t i o n  i n  m i s s i o n  d u r a t i o n ,  as i n d i c a t e d  i n  t h e  CSM l u n a r  
o r b i t  t imes .  A s  s t a t e d  above,  such  a n  o p t i o n  i s  s o  u n r e a l i s t i c  
as t o  be  eliminat.ed f r o m  s o n s i d e r a t i c n  in f z m i l y  A .  

5 .5  O v e r a l l  Performance E v a l u a t i o n :  

An e f f o r t  was made t o  combine t h e s e  f o u r  i n d i c a t o r s  
i n t o  a s i n g l e  v a l u e  f o r  each t i m e l i n e .  A s  a r e s u l t  each  " t i m e  
s i n c e  s l e e p "  v a l u e  was e v a l u a t e d  on t h e  s c a l e :  

t < 4  - a c c e p t a b l e  0 p o i n t s  

4 < t < 1 2  des i r ab le  +1 p o i n t  

1 2 < t < 1 6  - -  ac ce  p t ab 1 e 0 p o i n t s  

1 6 < t < 2 4  u n d e s i r a b l e  -1 p o i n t  

t > 2 4  - very u n d e s i r a b l e  - 2  p o i n t s  

based upon t h e  c r i t e r i a  d e s c r i b e d  i n  s e c t i o n  3 . 9  r e g a r d i n g  p e r -  
formance l e v e l  c y c l e s  d u r i n g  awake p e r i o d s .  The i n d i v i d u a l  
v a l u e s  were t o t a l e d  f o r  each t i m e l i n e  a n d  are p r e s e n t e d  i n  t h e  
bot tom l i n e  of T a b l e  2 .  
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To t h e  e x t e n t  t h a t  t h i s  r a t i n g  scheme c a n  b e  con- 
s i d e r e d  a good i n d i c a t o r  some e v a l u a t i o n s  can  b e  made. 
T ime l ine  A can  b e  c o n s i d e r e d  a c c e p t a b l e ,  and t h e  r e a l  t ime 
d e c i s i o n  to d e f e r  t h e  s l e e p  b e f o r e  EVA t o  a f t e r  EVA ( a l t e r -  
n a t e  A l b )  does  n o t  change i t s  r a t i n g .  The d e c i s i o n  n o t  t o  
s l e e p  b e f o r e  T E I  ( a l t e r n a t e  Ala) i s  u n d e s i r a b l e ,  and  t h e  no 
s l e e p  on t h e  s u r f a c e  a l t e r n a t e ,  A 2 ,  h a s  a t o t a l l y  unaccep t -  
ab le  per formance  r a t i n g .  T i m e l i n e s  B and  C a p p e a r  t o  b e  
v e r y  d e s i r a b l e ,  and t h e i r  a l t e r n a t e s  which p r o v i d e  f o r  no 
s l e e p  on t h e  l u n a r  s u r f a c e  are s t i l l  i n  t h e  d e s i r a b l e  c a t e -  
gory. T h i s  i n d i c a t e s  t h a t  t h e  B and  C f ami l i e s  p r o v i d e  a 
g r e a t e r  d e g r e e  o f  f l e x i b i l i t y  t h a n  A ,  s i n c e  t h e i r  r e a l  t ime  
a l t e r n a t e s  s t i l l  have h i g h  per formance  r a t i n g s .  Even t h e  
no s l e e p  on t h e  s u r f a c e  o r  b e f o r e  T E I  o p t i o n s ,  B 2  and  C2,  
a r e  w i t h i n  r e a s o n a b l e  l imits .  Family D does  n o t  f a r e  q u i t e  
as w e l l  as B and  C ,  b u t  c o n s i d e r a b l y  b e t t e r  t h a n  f a m i l y  A ,  
and p r o v i d e s  g rea t e r  b e n e f i t s  t h a n  A .  

6 . 0  C O N C L U S I O N  

Four  t o o l s  f o r  t h e  c o n s t r u c t i o n  and a n a l y s i s  o f  
t i m e l i n e s  have  b e e n  developed  and d e m o n s t r a t e d .  The t r a j e c -  
t o r y  c o n s t r a i n t  d i ag ram ( F i g u r e  2 )  a l l o w s  t h e  t r a j e c t o r y -  
r e s t r i c t e d  e v e n t s  t o  b e  p r o p e r l y  s c h e d u l e d .  T h e  d e c i s i o n  
m a t r i x  ( T a b l e  1) p e r m i t s  t h e  p o s s i b l e  w o r k / r e s t  a l t e r n a t i v e s  
t o  b e  i s o l a t e d  and d i s p l a y e d .  The  t i m e  m a t r i x  ( T a b l e  2 )  
p r o v i d e s  a framework w i t h i n  which t h e s e  a l t e r n a t i v e s  may b e  
compared and c o n t r a s t e d .  F i n a l l y  t h e  per formance  r a t i n g  
sys t em may b e  u s e d  as a rough measure o f  t h e  o v e r a l l  advan- 
t a g e  o f  a p a r t i c u l a r  t i m e l i n e  from t h e  p o i n t  o f  view o f  
per formance  d u r i n g  c r i t i c a l  a c t i v i t i e s .  T o g e t h e r  t h e y  form 
a workable  methodology.  

6 . 1  Areas f o r  F u r t h e r  S tudy:  

Although t h e  a n a l y s i s  p r e s e n t e d  here  f o c u s s e d  on 
t h e  l u n a r  e n v i r o n s  t i m e l i n e s  f o r  t h e  f i r s t  l u n a r  l a n d i n g  
m i s s i o n ,  t h e  t o o l s  a r e  not s o  l i m i t e d  i n  t h e i r  a p p l i c a b i l i t y .  
The methods may b e  u s e d  for t h e  c o n s t r u c t i o n  and  a n a l y s i s  o f  
any t i m e l i n e  which has t h e  s imi la r  c h a r a c t e r i s t i c s  o f  f i x e d  
s e q u e n t i a l  e v e n t s  w i t h  a s s o c i a t e d  a c t i v i t i e s .  A s  s u c h  t h e  
methodology fo rms ,  i n  t h e  b r o a d  s e n s e  o f  t h e  word, a g e n e r a l -  
i z e d  t i m e l i n e  model.  I t s  d i r e c t  a p p l i c a t i o n  t o  G 2 ,  t h e  
second  l u n a r  l a n d i n g  m i s s i o n ,  i s  i n  o r d e r .  

A s  has been  s t a t e d ,  a number o f  areas o f  d i r e c t  
b e a r i n g  upon these  t i m e l i n e s  have n o t  r e c e i v e d  d e t a i l e d  a t -  
t e n t i o n  h e r e .  The q u e s t i o n  o f  consumables usage  o b v i o u s l y  
has a d i r e c t  b e a r i n g  upon t h e  v a l i d i t y  o f  t h e  c o n c l u s i o n s  
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r e a c h e d .  A s y s t e m a t i c  s t u d y  o f  t h e  f e a s i b i l i t y  o f  t h e s e  
t i m e l i n e s  from a consumables p o i n t  o f  view i s  a p r e r e q u i s i t e  
t o  t h e  a d o p t i o n  of a s p e c i f i c  c o n f i g u r a t i o n .  The  u s e  o f  a 
s p l i t  LM a c t i v a t i o n  and c h e c k o u t ,  i n  p a r t i c u l a r ,  r e q u i r e s  
a n a l y s i s  o f  a d d i t i o n a l  consumables r e q u i r e d .  

The d e t a i l e d  p rocedures  u t i l i z e d  w i t h i n  each  o f  
t h e  t ime b l o c k s  were a l s o  n o t  c o n s i d e r e d  d i r e c t l y .  C l e a r l y  
t h e s e  have a s i g n i f i c a n t  e f f e c t  upon t h e  t i m e l i n e s  s i n c e  
t h e  d u r a t i o n  o f  an a c t i v i t y  i s  an  a d d i t i v e  f u n c t i o n  o f  t h e  
s p e c i f i c  t a s k s  and p rocedures  which compr i se  t h a t  b l o c k .  
T h e  p r o c e d u r e s  a r e  i n t e r r e l a t e d ,  a l s o ,  w i t h  consumables ,  
s i n c e  a p r o c e d u r a l  m o d i f i c a t i o n  may s i g n i f i c a n t l y  a f f e c t  
consumables usage  w i t h  no t i m e l i n e  impac t  a t  a l l .  A pr ime 
example o f  t h i s ,  o f  c o u r s e ,  i s  t h e  power s a v i n g s  o b t a i n e d  by 
t h e  p r o c e d u r a l  d e c i s i o n  t o  power down t h e  LM between p o r t i o n s  
o f  a s p l i t  LM a c t i v a t i o n  and  c h e c k o u t .  

Only a s i n g l e  w o r k / r e s t  c y c l e  - 16/8 - has been  
c o n s i d e r e d  he re .  
may r e v e a l  even  more a t t r a c t i v e  t i m e l i n e  c o n f i g u r a t i o n s .  
The  advan tage  o f  any p a r t i c u l a r  w o r k / r e s t  c y c l e  was n o t  d i s -  
c u s s e d  e x t e n s i v e l y ,  and t h e  i n t e r a c t i o n  between t h e  1618 
c y c l e  and t h e  d i u r n a l  c y c l e  was only  t r e a t e d  m a r g i n a l l y .  It  
was assumed t h a t  t h e  w o r k / r e s t  c y c l e  and  t h e  e a r t h - b m e d  
c i r c a d i a n  rhythm would e i t h e r  c o i n c i d e ,  or would bear  on ly  
a s m a l l  p e n a l t y  f o r  b e i n g  o u t  of  p h a s e .  More c o n s i d e r a t i o n  
o f  p o s s i b l e  c o n s t r a i n t s  a r i s i n g  f rom t h i s  area i s  i n  o r d e r .  

A s imi la r  a n a l y s i s  w i t h  a l t e r n a t e  c y c l e s  

The s e n s i t i v i t y  o f  t h e s e  t i m e l i n e s  t o  a b o r t  re- 
q u i r e m e n t s  has n o t  b e e n  t r e a t e d  d i r e c t l y .  From ' T a b l e  2 ,  
however,  i t  can  be  s e e n  t h a t  from a pe r fo rmance  s t a n d p o i n t  
t h e  A f a m i l y  of  t i m e l i n e s  a re  weakes t  f o r  a b o r t s  immedia t e ly  
a f t e r  TD, and  t h e  r ema in ing  fami l ies  weakest f o r  a b o r t s  f o l -  
lowing  EVA. Real time a l t e r n a t e s  B1, C1, and D1 do r e f l e c t  
t h e  r e s u l t s  o f  an  a b o r t  a f t e r  EVA. I f  d e s c e n t  a b o r t s  are  
c o n s i d e r e d  more p r o b a b l e  t h a n  a b o r t s  a f t e r  EVA, t i m e l i n e  A ,  
w i t h  s l e e p  b e f o r e  EVA, would b e  less  des i rab le .  However, 
any c o n c e i v a b l e  t i m e l i n e  has ,  by d e f i n i t i o n ,  i t s  own s t r o n g  
and  weak areas i n  terms of t ime s i n c e  s l e e p  f o r  a b o r t .  
De ta i l ed  a n a l y s i s  o f  a b o r t  s e n s i t i v i t y  r e q u i r e s  knowledge 
of a b o r t  p r o b a b i l i t i e s  a t  s p e c i f i c  p o i n t s  i n  t h e  t i m e l i n e .  

6 . 2  Recommendations: 

One o f  t h e  s p e c i f i c  a d v a n t a g e s  o f  t h i s  t i m e l i n e  
a n a l y s i s  methodology i s  t h a t  i t  r e v e a l s  t h o s e  areas i n  which 
r e l a t i v e l y  minor  m o d i f i c a t i o n s  c a n  y i e l d  m a j o r  b e n e f i t s  i n  
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t h e  o v e r a l l  t i m e l i n e .  Thus i t  a l l o w s  d e t a i l e d  p r o c e d u r a l  
a n a l y s i s  t o  b e  c o n c e n t r a t e d  upon t h o s e  a r e a s  f rom which t h e  
maximum b e n e f i t  may b e  e x p e c t e d .  T h i s  i t e r a t i v e  i n t e r a c t i o n  
a l l o w s  t h e  u l t i m a t e  development  o f  one  optimum t i m e l i n e .  T h i s  
a n a l y s i s  has i d e n t i f i e d  LM a c t i v a t i o n  a n d  checkou t  as a n  
a c t i v i t y  which c r i t i c a l l y  a f f e c t s  f l e x i b i l i t y  of' t h e  t i n e l i n e  
i n  t h e  l u n a r  e n v i r o n s .  The s p l i t  LM a c t i v a t i o n  and  c h e c k o u t ,  
w i t h  emphas is  upon t h e  m i n i m i z a t i o n  o f  t h e  s e c o n d  p o r t i o n ,  
p r o v i d e s  a d d i t i o n a l  c a p a b i l i t y  f o r  r e a l  t i m e  m o d i f i c a t i o n  o f  
t h e  s u c c e e d i n g  t i m e l i n e  w i t h  minimum i m p a c t  upon pe r fo rmance  , 
as d e m o n s t r a t e d  i n  t h e  B f a m i l y  o f  t i m e l i n e s .  S c h e d u l i n g  t h e  
f i r s t  p o r t i o n  o f  t h i s  checkout  b e f o r e  LO1 ( f a m i l y  C >  p e r m i t s  
t h e  same r e a l  t i m e  f l e x i b i l i t y  w i t h  r e d u c e d  CSM t i m e  i n  l u n a r  
o r b i t  a n d  c o n s e q u e n t  r e d u c t i o n  o f  m i s s i o n  d u r a t i o n .  A f u r t h e r  
r e d u c t i o n  of 1 2  h o u r s  i n  m i s s i o n  d u r a t i o n  i s  o b t a i n e d  ( see  
s e c t i o n  4 . 4 )  by u s i n g  a s i n g l e  b u r n  LO1 ( f a m i l y  D). Thus 
a p c s s i b l e  26 h o u r  s a v i n g s  i n  m i s s i o n  t i m e  be tween  nomina l  
t i m e l i n e  A and  nominal  t i m e l i n e  D ( s ee  T a b l e  2 )  w i t h  added  
r e a l  t i m e  f l e x i b i l i t y  p r o v i d e d ,  becomes a p p a r e n t  w i t h  t h e  
u s e  o f  t h i s  methodology.  

T a b l e  3 combines t h e  da t a  p r e s e n t e d  i n  t h e  d e c i s i o n  
m a t r i x  and  t i m e  m a t r i x  t o  summarize t h e  s a l i e n t  p o i n t s  i n  t h i s  
a n a l y s i s .  Nominal t i n e l i n e s  R, C y  and D ,  w i t h  t h e i r  ma tch ing  
a l t e r n a t e s ,  p r o v i d e  g r e a t e r  r e a l  t i m e  f l e x i b i l i t y  w i t h  l ess  
pe r fo rmance  p e n a l t y  t h a n  t i m e l i n e  A .  They a l s o  p r o v i d e  t h e  
minimum l u n a r  s u r f a c e  s t ay  t i m e  o p t i o n  w i t h  low pe r fo rmance  
p e n a l t y .  s i ~ ~ h  t h e y  2 d j . = t j f i r t  advafit.ag~ ~ v e y  time- 
l i n e  A and  i t s  r e a l  t i m e  a l t e r n a t e s .  
however ,  t h e  s p l i t  LM a c t i v a t t o n  and  c h e c k o u t ,  w i t h  f u l l  s y s -  
t e m s  checks  i n c l u d e d  i n  t h e  f i r s t  p o r t i o n  o f  c h e c k o u t ,  as 
d i s c u s s e d  i n  s e c t i o n  3 . 2 ,  must b e  a d o p t e d .  

To o b t a i n  t hese  b e n e f i t s ,  

Nominal t i m e l i n e s  B ,  C y  a n d  D a l s o  p r o v i d e  t h e  pro-  
b a b i l I t y  o f  b e s t  per formance  d u r i n g  t h e  two most  c r i t i c a l  
maneuvers ,  i n  terms o f  t i m i n g ,  judgment ,  and  c o o r d i n a t i o n ,  TD 
and  d o c k i n g .  T i m e l i n e  A ,  on t h e  o t h e r  h a n d ,  Drov ides  a some- 
what more r e s t ed  crewman for EVA. I t s  r e a l  t i m e  a l t e r n a t e  
A l b ,  however ,  p r o v i d e s  t h e  l ea s t  r e s t ed  EVA crewman, due  t o  
t h e  d e c i s i o n  t o  d e f e r  s l e e p  b e f o r e  EVA. 

The c o n c l u s i o n s  r e a c h e d  here  a re  based on t h e  
methodology which was deve loped  a n d  u s e d  t o  p o r t r a y  t h e  ad- 
v a n t a g e s  and  d i s a d v a n t a g e s  o f  each  f a m i l y  oi' t i m e l i n e s ,  and  
LO d i s c u s s  t h e  r e l a t i v e  t r a d e o f f ' s .  Some s p z c i f ' i c  pax-aiiietei-s - 
t i m e  i n  l u n a r  o r b i t ,  t i m e  on t h e  s u r f a c e ,  r e a l  t i m e  f l e x i b i l i t y ,  
a n d  pe r fo rmance  l e v e l s  - have b e e n  m a x i n i z e d  or min imized  i n  
i n d i v i d u a l  t i m e l i n e s .  To some e x t e n t  w e i g h t s  have  b e e n  

L 
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a s s o c i a t e d  w i t h  t h e s e  pa rame te r s  t o  pe r fo rm t h e  e v a l u a t i o n  above .  
The  methodology r a i se s  t h e  p e r t i n e n t  q u e s t i o n s  and i n d i c a t e s  
p o s s i b l e  a n s w e r s .  The c o n c l u s i o n s  drawn a re  dependent  upon t h e  
s u b j e c t i v e  e v a l u a t i o n  and pa rame te r  w e i g h t i n g .  With t h e  w e i g h t i n g  
u s e d  he re ,  however,  i t  a p p e a r s  t h a t  a s p l i t  LM a c t i v a t i o n  and 
checkou t  w i t h  s l e e p  a f t e r  EVA p r o v i d e s  t h e  b e s t  p r o b a b i l i t y  of 
h i g h  crew per formance  l e v e l s  and t h e  most f l e x i b l e  t i m e l i n e  i n  
t h e  l u n a r  e n v i r o n s .  

2033-PB-gdn P .  Benjamin / 
Attachment  

R e f e r e n c e s  
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